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Executive summary 
Need for the study 
Organic manures applied to agricultural land arise mainly from livestock production (liquid slurries, 
litter-based farmyard manures (FYM) and poultry manures) and also from other sources such as 
treated sewage sludges (commonly called biosolids), composts and industrial ‘wastes’ such as paper 
crumble, food industry by-products etc. These materials are valuable sources of most major plant 
nutrients and organic matter. Careful recycling to land allows their nutrients to be used to enhance 
crop growth and maintain or improve soil fertility, which will usually result in large savings in the use of 
inorganic fertilizers. However, manures can present a considerable environmental risk if their N 
content is not used effectively. Recent estimates indicated that in 2007 total N excretion by livestock in 
the EU-27 was c. 9,100 kton, with earlier work indicating that up to 52% of the N excreted by livestock 
was potentially recycled as a plant nutrient, implying that up to 48% may not be recovered by crops. 
 
The EU Nitrates Directive (91/676/EEC) aims at preventing and reducing water pollution caused by 
nitrates from agriculture and requires Member States (MS) to:  
• Monitor water quality (with regard to nitrate (NO3-) concentration and trophic status). 
• Designate nitrate vulnerable zones (NVZ) or apply measures to the whole country (WTA). 
• Establish codes of good agricultural practice (CGAP) (voluntary implementation outside 
NVZ/obligatory within NVZ).  
• Establish action programmes (AP), a set of measures to prevent and reduce NO3- pollution, 
obligatory within NVZ or the whole country. 
 
Nitrogen is present in manures in different forms. Available nitrogen (i.e. ammonium-N, nitrate-N and 
uric acid-N) is the N regarded as potentially available for uptake by the crop grown in the season of 
manure application, and is commonly referred to as mineral-N (although it may also include the part of 
the organic N which may also be available for the first crop after application). Slurries and poultry 
manures have relatively large proportions of mineral-N (typically in the range of 35-70% of total N) 
compared with FYM which usually has only a small proportion of N in mineral form (10-25% of total N). 
Organic-N is the N in organic forms which becomes available for crop uptake over a period of months 
to years. 
 
The application of manures at times of the year when there is little or no crop growth increases the risk 
of NO3- leaching. Failure to take account of the crop-available N provided by manure when deciding on 
the rates of mineral N fertilizer to apply also increases the risk of NO3- leaching. 
 
In order to better understand the factors that influence the efficiency with which manure-N is recovered 
by crops, how these factors might vary among the regions of the EU, and to make recommendations 
for how manure-N efficiency might be increased in future, the European Commission, Directorate-
General Environment, awarded a contract to AEA Technology to deliver the work outlined in the 
tender ENV.B.1/ETU/2010/0008 'Study on variation of manure-N efficiency throughout Europe'. 
 
The purpose of this study was to carry out a specific assessment of the efficiency with which the N in 
manure applied to land may be utilized by crops and hence properly taken into account when 
assessing the need for subsequent inputs of fertilizer-N.  
 
Objectives 
The objectives of this study were to: 
 
• Identify, report and critically evaluate how manure-N efficiency is taken into account by MS in 
the AP. 
 
• Consider the various environmental and climatic conditions and agricultural practices and their 
influence on manure-N efficiency in the EU-27 and specific regions within MS. 
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The overall objective of this study was to provide a detailed analysis of the different ways in which 
manure-N efficiency is defined and the methods by which it is determined throughout the EU-27, 
including variation at regional levels where applicable. 
 
Approach 
Concepts of manure-N efficiency 
''Manure-N efficiency'', may be defined relative to a reference mineral N fertilizer. The N fertilizer 
replacement value (NFRV), is the amount of mineral N fertilizer equivalent to the manure-N available 
to the crop grown in the season during which the manure is applied. This definition of manure-N 
efficiency regards manure-N on the same basis as fertilizer-N, since crops are usually regarded as 
responding to mineral-N fertilizers only in the season the mineral fertilizers are applied. Hence when 
manures are applied in the spring, at the same time as mineral-N fertilizers, the NFRV of the crop-
available N will be 100% that of fertilizer-N [Section 1.1.1.1]. 
 
Table 1. Terms used to describe the efficiency with which manure-N may be used by crops 
Term Definition Description 
Available-N Usually the mineral or easily 
mineralized fraction of manure-N 
The N in manures potentially available for crop 
uptake in the season the manure is applied 
Crop-available 
N 
The proportion of available-N remaining 
as crop-available N will depend on 
factors such as time of manure 
application, soil type 
The available-N remaining after loss following 
application to land as NH3, NO3-, etc. 
NFRV Nitrogen fertilizer replacement value The amount of N fertilizer that can be replaced by 
manure-N 
Manure-N 
efficiency 
The proportion of manure-N that can be 
recovered by crops over more than one 
season 
Available-N remaining in soil in subsequent 
seasons(s) plus N expected to be mineralized over 
following seasons from organic manure-N 
 
The requirements of this study were a specific assessment of the efficiency with which the N in 
manure applied to land may be utilized by crops and hence properly taken into account when 
assessing the need for subsequent inputs of fertilizer-N. Estimates of crop utilization over more than 
one season were taken into account. Henceforth we will use the term manure-N efficiency, as used in 
the project specification and as defined in Table 1 above.  
 
The study was carried out in three stages. The first stage summarized how each MS takes account of 
manure-N efficiency in their AP, reported regional differences in manure-N efficiency rates, provided 
an overview of the calculation method underpinning manure-N efficiency rates and suggested best 
practice to be used in the estimation of manure-N efficiency. The second stage assessed the extent of 
differences in the availability of manure-N for both crop uptake and NO3- leaching among the MS and 
explored the reasons behind any differences reported and provides a comprehensive overview of the 
current manure-N efficiency rates applied throughout the EU. The third stage reviewed literature to 
identify the most effective measures and practices to improve manure-N efficiency. Stage 3 also 
evaluated four cases studies from different parts of the EU, together with one from Switzerland, of 
changes to manure management practices and their impacts on manure-N efficiency. Finally we report 
the most effective measures to improve manure-N efficiency. 
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Results 
Conclusions from examination of current Action Programmes 
None of the MS presents a specific reference to, or definition of, manure-N efficiency in their AP or 
CGAP. The most commonly used term is 'available N': the % available N may be considered 
equivalent to the efficiency of manure-N in the season following application. Values of the proportions 
of manure-N considered available to crops in the season after manure application are reported in 
Table 2. 
 
Table 2. Reported values of manure-N efficiency, % of total-N [Section 3.1.1] 
MS Cattle Pigs Layer Broiler Sheep 
 Slurry Solid Slurry Solid Slurry Solid   
AT 50 5/15 65 5/15 60 30 30 NR 
BE (Flan) 60 30 60 30 60 30 30 30 
BE (Wall) NR NR NR NR NR NR NR NR 
BG 20-35 20 40-45 20 40-50 40-50 40-50 NR 
CY NR NR NR NR NR NR NR NR 
CZ 60 40 60 40 60 40 40 40 
DK1 70 652 75 652 70 65 652 652 
EE 50 25 50 25 50 25 25 25 
FI NR NR NR NR NR NR NR NR 
FR3 Low C:N High C:N Low C:N High C:N Low C:N Low C:N Low C:N High C:N 
DE 50 25-30 60 25-30 60 30 60 NR 
EL 20-35 10 25-45 10 20-30 20-30 20-30 10 
HU NR NR NR NR NR NR NR NR 
IE 40 30 50 50 50 50 50 NR 
IT4 24-62 24-62 28-73 28-73 32-84 32-84 32-84 NR 
LV 50 25 50 25 30 25 25 NR 
LT  535  535   535 535 
LU 25-50 30-50 30-60 30-50 NR 50 50 NR 
MT NR NR NR NR NR NR NR NR 
NL 60 40 60-70 55 60/70 55 55 NR 
PL 50-60 30 50-60 30 50-60 30 30 30 
PT 55-75 30-60 50-80 40-60 50-70 40-60 40-60 40-60 
RO6 50 30 50 30 NR 30 50 NR 
SK 50 30 50 30 30 50 50 NR 
SI 50 30 50 30 30 50 50 NR 
ES7 NR NR NR NR NR NR NR NR 
SE 840-50 836-41 57 47 NR 48 947/57 38 
UK 1020/35 10 925/50 10 NR 1020/35 1020/30 10 
UK NI  30 50 30   30  
NR, not reported 
1Also includes residual N effects in the following years after application 
245% for deep litter 
3 In the AP of France manure-N availability is not expressed with respect only to the N content of the manure but 
with respect to the carbon to nitrogen (C:N) ratio in the manure  
4Availabilites are presented as a matrix according to soil type and time of application 
5First year only. Total over 3 years = 70% 
6There are no figures available to indicate how manure-N uptake is changed by these factors as the calculations 
are performed using actual soil and climate conditions for all the soil polygons included in NVZs 
7Different values are used in different regions 
8Depending on class of animal 
9Deep litter/other 
10autumn/spring application 
 
• Estimates of manure-N efficiency are mainly based on field measurements either 
supplemented by literature review or developed by modelling. Some MS (e.g. Cyprus, 
Luxemburg, Slovenia) have derived values from the literature of comparable countries. 
Sweden is unique in relying on manure analysis [Section 3.1.2].  
 
• Insofar as soil type was reported to be taken into account it was in relation to the impact of soil 
type on NO3- leaching rather than on crop N uptake of manure-N. Several MS allow autumn 
application of FYM but autumn application is almost always forbidden for slurries and poultry 
manure [Section 3.1.3.1]. 
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• Responses to the questionnaire indicated that although many MS require manures to be 
applied by methods which reduce emissions few AP or CGAP actually report greater manure-
N efficiency from incorporated than from broadcast manure (Italy, Netherlands, UK) [Section 
3.1.3.5]. 
 
• Very few countries report regional differences within MS, either in the APs or CGAP, although 
some countries use modelling systems which take account of regional and local factors 
[Section 3.1.3.8]. 
 
There does not appear to be any systematic variation across the EU that can be related to climate. 
There may be two reasons for this. The first is that by far the most significant driver for differences in 
crop N availability is the time of manure application in relation to the period of over-winter soil drainage 
and hence NO3- leaching: manures applied in autumn will lose much or all of their crop available N by 
leaching while those applied in spring will not. In accordance with Annex II and III of the Nitrates 
Directive which requires a closed period for the application of all fertilizers (including manures) to be 
established many MS gave specific closed periods for the application of those manures which contain 
large proportions of crop available N (slurries and poultry manure). Hence in those MS slurries and 
poultry manures are only applied in spring when the crop available N will be taken up by plants. While 
there is some variation in the proportions of manure-N available for crop uptake, there is a reasonable 
agreement among MS in the proportions of crop available N in each type of manure: availability 
decreasing in the order pig slurry > cattle slurry > poultry manure > FYM. Hence current rules 
established in AP are leading to a degree of harmonisation across the EU of this factor. There are 
differences among MS in the lengths of the closed periods and the extent to which closed periods 
differ for grass and arable crops. Examination of the closed periods suggest countries with the coldest 
winters end their closed periods latest and some are among those that start their closed periods the 
latest. There is also a suggestion that countries with maritime climates have closed periods that begin 
earliest, although this is not consistent [Section 3.1.3.11]. It should be noted that closed periods 
established in AP are not necessarily in compliance with the Nitrates Directive, please note that the 
Commission does not approve any national legal text transposing this Directive.  
Conclusions 
Conclusions from first principles 
• The key option is to improve N efficiency by tightening the N cycle. If N efficiency is only 
improved in one stage of the manure management cycle, N may leak at another stage and 
overall N emissions will not decrease. Management options which decrease the amount of 
external N inputs will decrease N emissions [Section 3.1.4.1]. 
 
• Matching of the N input in the diet to the animal’s requirements is a very promising option to 
reduce N excretion and consequently N losses. While N inputs to the diets of pigs and poultry 
in particular have been reduced in recent years there is still scope for reductions in many MS 
and for other classes of livestock [Section 3.1.4.1]. 
 
• Since the losses of manure-N as ammonia (NH3) take place before crops are able to take up 
manure-N it would appear the most effective means of increasing manure-N efficiency will be 
by means of reducing NH3 emissions [Section 3.1.4.2].  
 
• Manures with the smallest proportions of available-N in the season after manure application 
(e.g. FYM) tend to be those that release the largest amounts of N in subsequent seasons. The 
residual N effect can be satisfactorily predicted with a simple N model by adopting an annual 
relative decomposition rate (RDR) of the organic N in the manure. Multi annual effects should 
be considered in the AP. However, this is not yet considered in the majority of MS [Section 
3.2.2]. 
 
• For crops with a long growing season, a greater availability of manure N is expected. The 
extra NFRV for crops with a long growing season may be equivalent to 2-5% of the total 
manure N applied, depending on the proportion of organic N in the manure under North 
European conditions. In order to maximise manure-N recovery there could be advantage in 
preferentially applying livestock manures to crops whose active growing period coincides best 
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with the time of active mineralization of manure-N, e.g. maize, potatoes and sugarbeet. 
However, rates of N application will need to be carefully matched with crop N requirement as 
large leaching losses are observed after maize cropping in some MS [Section 3.2.3.2]. 
 
• Reducing slurry dry matter and carbon content at an early stage of manure management 
enables greater uptake of manure-N and more consistent conservation of mineral-N from 
reduced NH3 emission spreading techniques. However, this needs to be reconciled with the 
need to avoid large increases in the volumes of slurry to be applied. Anaerobic digestion 
reduces manure carbon and dry matter content by about 50% without increasing slurry 
volume. Also, digestion mineralizes some of the organic N, thereby increasing crop available 
N in the slurry in the season of application [Section 3.1.4.2].  
 
Conclusions from literature review 
The utilization of N in pig and poultry diets has improved during recent years, due to the more efficient 
use of protein by the incorporation of synthetic amino acids in the diets. It has been discussed whether 
this would result in reduced utilization of manure N in the season following manure application, as a 
smaller proportion of N is excreted in urine and more in faeces. However, for pig diets with a large 
proportion of highly digestible fibre, the protein content and proportion of urine N has a negligible 
influence on the potential utilization of slurry N, whereas for diets with a large proportion of less 
digestible fibre, the utilization of slurry N is less. So, for pigs at least reduced N diet would not 
automatically reduce the proportion of manure-N available to crops [Section 3.3.2.6]. 
 
Manure-N efficiency has been shown to be increased when slurries are applied by injection or by 
boom spreaders with trailing shoes. This is not simply due to the conservation of manure-N by 
reducing emissions of NH3 but also because of the reduced contact between slurries and soil. In fact 
crop uptake of manure-N tended to be greater when slurry was applied by injection than when slurry 
was incorporated into soil. This is because the greater contact between slurry and soil from 
incorporated, as compared with injected, slurry results in increased immobilization of ammonium- and 
organic-N in slurry, especially in fine-textured soils. Hence the utilization of slurry N can be increased 
in the first year by minimizing the contact between slurry and soil (e.g. by injection of slurry), provided 
that losses of N by NH3 volatilization and denitrification are also minimized. The less effective reduced 
NH3 application techniques, e.g. bandspreading with trailing hose have not been shown to increase 
manure-N efficiency directly. Moreover, reduced-emission techniques may enable more working days 
in spring than the conventional broadcast spreading with a splash plate. By increasing opportunities to 
apply slurry in spring, when crop demand for N is greatest, rather than in summer if this is the usual 
practice, N recovery from slurry and crop response to that N can be increased. However, not all 
locations are limited by available machinery working days in spring. Studies have shown that the total 
ammoniacal N in slurry is recovered by crops with an efficiency similar to that of mineral-N fertilizer, 
provided the slurry is injected and NH3 losses are consequently few [Section 3.3.2.4].  
 
Crop recovery of N from surface-applied pig slurry has been reported to increase by c. 10% as a result 
of anaerobic digestion, as compared to application of raw slurry. This may be partly due to 
mineralization of organic-N during digestion, which increases the amount of available N in digestate. 
The reduced C content of the digested slurry may also increase N availability compared with raw 
slurry because the decomposition of undigested slurry C may induce soil N immobilization. Digestion, 
by mineralizing the more labile fractions of organic-N quicker than would otherwise be the case, may 
lead to reduced manure-N availability in subsequent years. Nevertheless, even if digestion does not 
increase manure-N efficiency over the course of a rotation there may be benefits from increased 
availability in the season after application as first-year availability tends to be more predictable and 
therefore a more reliable basis for adjusting N fertilizer applications than the much smaller release of 
manure-N in subsequent years. As the pH of the slurry will increase with digestion, the NH3 emissions 
may increase as well if the digestate is not incorporated or infiltrated quickly into the soil after 
spreading, although field studies have often reported similar emissions of NH3 from digested and 
undigested slurry [Section 3.3.2.5].  
 
Acidification of slurry with sulphuric acid has been shown to reduce NH3 emissions by c. 50-70% and 
increase the crop available N by c. 30%. However, it is normally too expensive compared with the 
nutritional benefits under the current conditions [Section 3.3.2.5].  
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Strategic considerations 
• Ensure full allowance is made for the long-term release of manure-N: at present the majority 
of MS only consider availability in the first year. Current estimates of crop available N tend to 
underestimate the N release of manure-N, in particular that of FYM, over the course of a 
rotation. This would require taking account of the efficiency with which manure-N is used over 
a rotation rather than just the NFRV in the season following manure application when 
assessing the role of manures in an overall N fertilization regime. As the mineralization of N in 
soil takes place through most of the year the residual effect is greatest in crops with a long 
growing season [Section 4.2.7]. 
 
• There is evidence that the efficiency with which manure-N is recovered varies according to soil 
type. Few MS take explicit account of the influence of soil type but to do so would improve the 
accuracy with which NFRV could be estimated. The effects of soil texture may be offset when 
manure is placed rather than mixed in soil [Section 4.2.5]. 
 
• Climate is usually taken into account only with respect to the beginning and end of closed 
periods of manure application in an attempt to preclude N losses. No account appears to be 
taken by any MS of differences in climate during the growing season which might affect crop 
growth and the uptake of manure-N by crops. 
 
• When slurry is applied to grass at intervals throughout the growing season later cuts do not 
use N as efficiently as the first cut due to less crop growth and N uptake and perhaps more 
NH3 volatilization under warmer conditions and greater denitrification in autumn compared 
with spring or because of immobilization associated with root death. The results indicate that 
better utilization can be achieved by applying manure-N in diminishing amounts over the 
growing season. The most efficient use of manure-N appears to be obtained when a rates of 
manure (up to 120 kg/ha N) are applied early in the growing season and the remaining crop N 
requirement is met using fertilizer N [Section 4.2.4].   
 
o With the adoption of closed periods for manure application to comply with the Nitrates 
Directive it might be concluded that there is little room for further improvements in 
manure-N efficiency by the introduction of further restrictions on the timing of manure 
applications. It is recognised that the NFRV of manures with a large proportion of 
crop-available N is generally maximized by postponement of applications until spring, 
which is in line with the closed periods established to prevent NO3- leaching. However, 
in several MS NO3- leaching could be further reduced by avoiding application of FYM 
in autumn before sowing winter cereals. Some MS already prohibit the application of 
all manures (including FYM) during the autumn and winter months [Section 3.3.3.4]. 
 
Experience from case studies 
The experience of the case studies confirms findings based on the literature [Section 3.3.3]. 
 
• Application of slurry by reduced-NH3 emission application techniques increases NFRV (DK). 
• Appropriate timing of manure applications in spring will enhance crop N uptake and minimise 
the risk of NO3- leaching (AT). 
• The combination of manure separation with injection improves injection effectiveness and 
composting the solids that will be available later in the year illustrates how slurry separation 
may be most effectively adopted (ES). 
• The findings of the work in England indicate that the integration of manure applications across 
a whole rotation is a more effective means of reducing NO3- leaching than considering only the 
crop to which the manure is applied even when the current rules on application timing and rate 
were followed. 
 
Overall conclusions and recommendations 
• An explicit requirement to take allowance of the N conserved by reduced NH3 emission 
application techniques would increase manure-N efficiency.  
 
• Reduced NH3 application techniques which add slurry or manure in bands, without thorough 
mixing with soil, as well injection, appear more effective at increasing manure-N efficiency 
than application methods that mix manure with soil.  
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• Anaerobic digestion of slurry may also both increase manure-N availability in the season 
following application and reduce the potential for immobilization of manure-N in soil.  
However, the potential for NH3 emissions may be increased when spreading digested slurry compared 
with non-digested slurry. Hence, it is advisable to apply digestate by reduced NH3 application 
techniques. 
 
• A greater recognition of the differences among soils in crop recovery of N could enable a more 
accurate assessment of crop uptake and any subsequent N fertilizer requirement. 
 
• In order to fully utilize the fertilizer value of manure-N there is a need to account for uptake 
over more than one year.  
In the short term (2-5 years after manure application) this may be by using explicit modelled estimates 
of the mineralization of organic forms of manure-N. In the longer term this may be by soil sampling to 
90 cm to estimate mineral-N or mineralizable N in soil or by using reference values. The fertilizer N 
shall be consequently reduced to take into account long-term application of manures. This is 
particularly important for manures such as FYM which although providing less crop available N in the 
season after application have been shown to release more crop available N in subsequent years. 
 
• Our overall conclusion is that there is no simple technique or approach that will lead to 
increased manure-N efficiency.  
• While reduced NH3-application techniques, especially injection and trailing shoe, can increase 
NFRV a carefully integrated strategy is needed which takes account of differences in apparent 
N recovery among crops and according to the timing of manure application. If applications are 
made late in the growing season, e.g. to third or fourth cuts of silage grass, or to crops with a 
short growing season, such as spring-sown cereals, the crops may not recover all of the 
additional N conserved leading to greater residues of mineral N in the autumn which may be 
lost by leaching.  
• To minimise the overall impact of N use in agriculture requires the maximum usage of 
manure-N in order to reduce the need for fertilizer N and to reduce the emissions arising from 
both its manufacture and application.  
• Several studies have shown that, at the farm scale applying manures at moderate rates, and 
applying N fertilizer at times of the year when the apparent N recovery of manure may be 
limited, may give a greater NFRV than concentrating purely on means to conserve manure-N. 
Such a strategy will differ from region to region within the EU and also within farming systems. 
In many parts of the EU livestock farming is already so concentrated that the amounts of N 
applied as manure may be at the limits of application required to comply with the Nitrates 
Directive. Nevertheless in regions and localities where mixed farming still exists, either in the 
form of farms which raise both crops and livestock or where livestock and other farms are 
intermingled, further specialization of farms or localities in livestock production may counter 
initiatives to increase manure-N efficiency at the EU level. 
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L’efficacité de l’azote des effluents d’élevage en usage en Europe 
Pourquoi ce projet:  
Les engrais organiques épandus sur les terres agricoles résultent principalement des effluents 
d'élevage (boues liquides, de la litière à base de fumier de ferme  et fumiers de volailles) et aussi 
d'autres sources telles que les effluents des eaux usées traitées (communément appelés les 
biosolides), les composts et les «déchets» industriels tels que le papier, les produits dérivés de 
l'industrie alimentaire etc. Ces matériaux sont de précieuses sources de nutriment et de matières 
organiques pour les cultures. Le recyclage de ces « déchets » par la terre permet à leurs nutriments 
d’être utilisés pour améliorer la croissance des cultures et maintenir ou améliorer la fertilité des sols, 
qui se traduit généralement par des économies importantes dans l'utilisation d'engrais inorganiques. 
Toutefois, les effluents d’élevage peuvent présenter un risque considérable pour l'environnement si 
leur teneur en azote n’est pas utilisée efficacement. Des estimations récentes indiquent qu’en 2007 le 
total d'excrétion d’azote par le bétail dans l'UE-27 a été de 9 100 ktonnes et que jusqu'à 52% de 
l'azote excrété par le bétail était potentiellement recyclé comme élément nutritif pour les cultures, ce 
qui implique que les 48% restants ne peuvent pas être récupérés par les cultures. 
 
La Directive Nitrates de l'UE (91/676/CEE) a pour but la prévention et la réduction de la pollution des 
eaux provoquée ou induite par les nitrates à partir de sources agricoles et impose aux États Membres 
(EM), de:  
• Surveiller la qualité des eaux (à l'égard de la concentration de nitrate (NO3-) et l'état trophique). 
• Désigner des zones vulnérables aux nitrates (ZVN) ou d’appliquer des mesures pour l’ensemble 
du pays.  
• Mettre en place des codes de bonnes pratiques agricoles (CBPA) (mise en œuvre volontaire en 
dehors NVZ / obligatoire dans ZVN). Mise en place des programmes d'action (PA), un ensemble 
de mesures visant à prévenir et à réduire la pollution par les nitrates, obligatoire dans NVZ ou 
pour l'ensemble du pays. 
 
L'azote est présent dans les engrais sous différentes formes. L’azote disponible (c'est à dire l'azote 
ammoniacal, nitrates-N et d'acide urique-N) est l’azote considéré comme potentiellement disponible 
pour l'absorption par les plantes cultivées pendant la saison d'épandage du fumier, et est 
communément appelée azote minéral, cependant il peut aussi inclure la partie de l'azote organique 
qui peut aussi être disponible à la première récolte après l'application). Les effluents d’élevage ont des 
proportions relativement importantes d’azote minéral (typiquement de l'ordre de 35-70% du N total) 
par rapport à fumier de ferme qui a généralement une faible proportion d’azote sous forme minérale 
(10-25% du N total). L’azote Organique est l’azote sous des formes organiques qui devient disponible 
pour l'absorption des cultures au cours d'une période de plusieurs mois à plusieurs années. 
 
L'application d'engrais à des moments de l'année où il y peu ou pas de cultures augmente le risque de 
pollution de l’eau par les NO3-. Si on ne tient pas  compte de la N-culture disponible fournie par le 
fumier au moment de décider des taux d'azote minéral appliquer dans les engrais le risque lessivage 
de NO3 augmente également. 
 
Afin de mieux comprendre les facteurs qui influencent l'efficacité avec laquelle le fumier-N est absorbé 
par les cultures, comment ces facteurs peuvent varier entre les régions de l'UE, et de faire des 
recommandations sur la façon dont l’efficacité du fumier-N pourrait être accrue à l'avenir, la 
Commission Européenne, Direction générale de l'environnement, a attribué un contrat à AEA 
Technology pour fournir les travaux décrits dans le cahier des charges «Étude sur la variation de 
l'efficacité de l’azote des effluents d'élevage en Europe" ENV.B.1/ETU/2010/0008. 
 
Le but de ce projet était de réaliser une évaluation spécifique de l'efficacité avec laquelle l'azote 
présent dans les effluents d’élevage épandu sur des terres est absorbé par les cultures et donc 
correctement pris en compte pour évaluer la nécessité supplémentaire d'engrais azotés. 
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Objectifs 
Les objectifs de ce projet étaient de: 
• Identifier, rapporter et évaluer de manière critique la prise en compte de l’efficacité de l’azote 
des effluents d’élevage par les EM dans leur PA. 
• Evaluer les taux d'efficacité en fonction des conditions climatiques et environnementales et des 
pratiques agricoles; dans l'UE-27 et des régions spécifiques à l’intérieur des EM. 
L'objectif général de l'étude était d'analyser en détail les différentes définitions de l'efficacité de l’azote 
des effluents d'élevage et de déterminer les méthodes utilisées par les différents États membres de 
l'UE-27, y compris leurs variantes régionales le cas échéant. 
 
Approche 
Concepts de l’efficacité de l’azote des effluents d’élevage  
«L'efficacité de l’azote des effluents d’élevage », peut être définie par rapport à un minéral de 
référence d’engrais azoté. La valeur de remplacement en fertiliseur azoté (VRFA), est la quantité de 
fertiliseur azoté minéral équivalente à l’azote des effluents d’élevage absorbable par les cultures 
durant la saison d’épandage. Cette définition de l’efficacité du fumier-N considère le fumier-N sur la 
même base que les engrais N, car les cultures sont habituellement considérées comme répondantes 
aux engrais minéral azotés seulement durant la saison pendant laquelle les engrais minéraux sont 
appliqués. C'est pourquoi, lorsque les effluents d’élevage sont appliqués au printemps, au même 
moment que les engrais minéraux azotés, les VRFA d’azote disponible à l’absorption par les cultures 
seraient égales à 100%  de celle des engrais azotés [Section 1.1.1.1]. 
 
Table 1. Termes utilisés pour décrire l'efficacité avec laquelle le fumier-N peut être utilisé par les 
cultures 
Terminologies Définition Description 
Disponible-N Habituellement, la fraction minérale 
ou facilement minéralisée du fumier-
N 
Le N dans les fumiers potentiellement disponibles 
pour l'absorption des cultures durant la saison dans 
laquelle le fumier est épandu 
Culture 
disponible N 
La proportion disponible de N 
restants, car la culture disponible-N 
dépendra de facteurs tels que le 
temps d'application du fumier, du 
type de sol 
La disponibilité-N restante après les pertes dues à  
l’application à la terre sous forme de NH3, NO3-, 
etc. 
VRFA Valeur de remplacement en fertiliseur 
azoté 
La quantité d'engrais azoté qui peut être remplacé 
par du fumier-N 
Efficacité de 
l’azote des 
effluents 
d'élevage  
La proportion de fumier-N qui peut 
être récupérée par des cultures sur 
plus d'une saison 
Disponible-N restant dans le sol dans les saisons 
suivantes plus l’azote qui devrait être minéralisé au 
cours des saisons suivantes, à partir d'engrais 
biologique, N 
 
Les exigences de ce projet étaient une évaluation spécifique de l'efficacité avec laquelle l'azote des 
effluents d’élevages épandu sur des terres peut être absorbé par les cultures et donc être pris en 
compte pour évaluer le besoin d'apports ultérieurs d’engrais azotés.  Les estimations de l’absorption 
des récoltes sur plus d'une saison ont été prises en compte. Pour ce projet, nous avons utilisé le 
terme d’efficacité de l’azote des effluents d'élevage, comme utilisé dans les spécifications du projet et 
tel que défini dans le tableau 1 ci-dessus. 
 
Le projet a été réalisé en 3 étapes. Étape 1 résume comment chaque EM tient compte de l’efficacité 
de l’azote des effluents d’élevage dans leur PA(s), rapporte les différences régionales dans les taux 
d'efficacité du fumier-N, donne un aperçu de la méthode de calcul appliquée pour établir le taux 
d’efficacité de l’azote dans les effluents d’élevage et propose les meilleures pratiques à être utilisées 
dans l'estimation de l’efficacité de l’azote des effluent d’élevage. Étape 2 évalue l'ampleur des 
différences dans la disponibilité de fumier-N pour l'assimilation des cultures et le lessivage des NO3- 
parmi les EM et a cherché des  raisons pour lesquelles  les différences identifiées existent et donne 
un aperçu compréhensif de l'efficacité de l’azote des effluents d’élevage actuels épandus en l'EU. 
Étape 3 examine la littérature afin d'identifier les mesures et pratiques les plus efficaces pour 
améliorer l’efficacité du fumier-N. Tâche 3 également évalue quatre études de cas provenant de 
différentes régions de l'UE, sur les changements de pratiques de gestion des fumiers et de leurs 
 14 
 
impacts sur l’efficacité fumier-N Enfin nous faisons un rapport des mesures les plus efficaces pour 
améliorer l'efficacité de l’azote des effluents d’élevage.  
 
Les résultats 
Conclusions de la revue des programmes d'action actuels 
Aucun des EM ne présente une référence spécifique à, ou la définition de l’efficacité de l’azote des 
effluents d’élevage dans leurs PAs ou CBPA. Le terme le plus couramment utilisé est ‘disponible N': le 
% d'azote disponible peut être considéré  comme équivalent à l'efficacité du fumier N dans la saison 
suivant l'application. Les valeurs de la proportion de fumier-N considéré comme disponible pour les 
cultures dans la saison après l’épandage sont rapportées dans le tableau 2. 
 
• Les estimations d’efficacité de fumier-N sont principalement basées sur des mesures de 
terrain et complétées soit par une revue de la littérature ou développées par la modélisation. 
Certains EM (Chypre, Luxembourg, Slovénie) ont calculé cette valeur basée sur une revue 
littéraire de pays comparables. La Suède est seule à s'appuyer sur l'analyse du fumier 
[Section 3.1.2]. 
• Dans la mesure où le type de sol a été pris en compte, il était en relation avec l'impact du type 
de sol sur le lessivage de NO3-, plutôt que sur l’absorption d'azote de fumier par les cultures. 
Plusieurs États membres permettent l’épandage en automne mais l'application en automne 
est presque toujours interdite pour les fumiers et effluents de volaille [Section 3.1.3.1]. 
• Les réponses au questionnaire indiquent que malgré que de nombreux EM exigent des 
méthodes d’application qui réduisent les émissions, seulement quelques AP ou CBPA 
rapportent plus d’efficacité de fumier-N incorporé qu’à partir du fumier de diffusion (Italie, 
Pays-Bas, Royaume Uni). 
• Très peu de pays font état de différences régionales au sein d’un même EM, aussi bien dans 
les PAs ou CBPA, bien que certains pays utilisent des systèmes de modélisation qui tiennent 
compte des facteurs régionaux et locaux [Section 3.1.3.8]. 
 
Il ne semble pas y avoir de variations systématiques au sein de l'UE qui peuvent être liées au climat. Il 
peut y avoir deux raisons à cela. La première est que, de loin le facteur le plus important pour les 
différences de disponibilité-N pour les cultures est le moment de l'épandage par rapport à la période 
de drainage du sol au cours de l'hiver et donc le lessivage des NO3-: les fumiers épandus en automne 
perdront beaucoup ou la totalité de leurs NO3- disponible aux cultures par lessivage, tandis que ceux 
appliqués au printemps ne le seront pas. 
 
Conformément à l'annexe II et III de la Directive Nitrates qui nécessite d’établir une période fermée à 
l'application de tous les engrais (y compris les engrais organiques) un grand nombre d’EM ont des 
périodes spécifiques fermées à l'épandage de ces engrais organiques qui contiennent de grandes 
proportions de Nitrates disponibles pour les cultures (lisiers et fumier de volailles). Ainsi dans ces EM 
les effluents d’élevage sont appliqués uniquement au printemps, quand les cultures absorbantes de N 
sont disponibles. Bien qu'il y ait une certaine variation dans les proportions de fumier-N absorbable 
par les cultures, il y a un accord raisonnable entre les EM sur les proportions de N disponibles pour 
les cultures par type de fumier: disponibilité décroissante dans l’ordre le lisier de porc > lisier de 
bovins> du fumier de volaille> fumier de ferme. Ainsi les règles actuelles établies dans les PAs 
mènent  à un degré d'harmonisation dans l'UE de ce facteur. Il y a des différences entre les EM sur la 
longueur des périodes d'interdiction et la mesure avec laquelle les périodes fermées diffèrent pour 
l'herbe et les cultures arables. L'examen des périodes fermées suggère  que les pays avec les hivers 
les plus froids finissent leurs périodes fermées le plus tard. Il est également suggéré que les pays aux 
climats maritimes aient des périodes fermées qui commencent plus tôt bien que ceci ne soit pas 
consistant [3.1.3.11]. Il est à noter que les périodes de fermeture établies dans les PAs ne sont pas 
forcément en conformité avec la Directive Nitrates, il est à noter que la Commission n'approuve aucun 
texte juridique national qui transpose la présente directive. 
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Conclusions 
Conclusions à partir des premiers principes 
• L'option clé est d'améliorer l'efficacité N en serrant le cycle de N. Si l'efficacité N est 
seulement améliorée à une étape de la gestion du cycle des effluents d’élevage, N sera 
lessivé à un autre stade et l'ensemble des émissions de N ne diminuera pas. Les options de 
gestion qui diminuent la quantité d’apport de N externes va diminuer les émissions de N 
[Section 3.1.4.1]. 
• L'adaptation de l'entrée N dans l'alimentation aux besoins des animaux est une option très 
prometteuse pour réduire l'excrétion azotée et donc les pertes de N. Alors que les apports de 
N à l'alimentation des porcs et des volailles en particulier, ont été réduites ces dernières 
années dans de nombreux EM de l'UE, il y a encore des possibilités de réductions dans de 
nombreux États membres et pour d'autres catégories d’élevage [Section 3.1.4.1].  
• Les pertes de fumier-N en tant qu'ammoniac (NH3) se font avant que les cultures puissent 
absorber le fumier-N, il semble que le moyen le plus efficace d'accroître l'efficacité du fumier-
N se fera par la réduction des émissions de NH3 [Section 3.1.4.2]. 
• Les fumiers avec les plus faibles proportions de N disponibles dans la saison, après 
l'épandage du fumier (par exemple fumier de ferme) tendent à être ceux qui rejettent les plus 
grandes quantités d'azote pour les saisons suivantes. L'effet résiduel N peut être prédit avec 
un modèle simple en adoptant un taux de décomposition annuelle relative (RDR) de l'azote 
organique dans le fumier. Plusieurs effets annuels devraient être considérés dans le PA. 
Toutefois, à nos jours, ceci n’est pas considéré dans la majorité des EM [Section 3.2.2]. 
• Pour les cultures avec une longue saison, une plus grande disponibilité de l'azote du fumier 
est attendue. Le VRFA supplémentaire pour les cultures avec une longue saison de 
croissance peut être équivalent à 2-5% de la quantité totale de fumier N épandue, selon la 
proportion de l'azote organique dans le fumier en Europe du Nord. Afin de maximiser la 
récupération du fumier-N, il pourrait y avoir un avantage à épandre préférentiellement des 
effluents d’élevage aux cultures dont la croissance active coïncide avec le moment de la 
minéralisation active du fumier N, par exemple. maïs, pommes de terre et de betteraves. 
Toutefois, les taux d'épandage de fumier N devront être soigneusement apparentés avec les 
besoins de cultures absorbantes de N, car il a été observé de grandes pertes par lessivage 
après la monoculture du maïs dans certains EM. 
• La réduction des boues de matière sèche et teneur en carbone à un stade précoce de la 
gestion du fumier permet une plus grande absorption du fumier-N et une conservation plus 
cohérente des minéraux N à partir de techniques de réduction des émissions de NH3. 
Toutefois, cela doit être concilié avec la nécessité d'éviter d'importantes augmentations dans 
les volumes de lisier à épandre. La digestion anaérobie réduit le carbone du fumier, réduit la 
teneur en matière sèche d'environ 50% sans augmenter le volume d’effluents. Aussi, par la 
digestion une partie de l'azote organique peut être minéralisée, et donc il y a une 
augmentation de N des cultures disponibles dans les effluents dans l'année après l’épandage 
[Section 3.1.4.2].  
 
Conclusions de la revue littéraire  
L'utilisation de N dans l'alimentation des porcs et de volailles s'est améliorée au cours des dernières 
années, en raison de l'utilisation plus efficace des protéines par l'incorporation d'acides aminés 
synthétiques dans l'alimentation. Il a été discuté si cela résultait de la réduction de l'utilisation du 
fumier N dans la saison qui suit l’épandage, comme une petite proportion de N est excrétée dans 
l'urine et plus dans les fèces. Toutefois, pour les régimes de porc avec une grande proportion de 
fibres digestibles, la teneur en protéines et la proportion d'urine N ont une influence négligeable sur 
l'utilisation potentielle de lisier en azote, tandis que pour les régimes avec une grande proportion de 
fibres digestibles, l'utilisation de lisier N est moindre. Ainsi, pour les porcs l'alimentation N ne réduirait  
pas automatiquement la proportion de fumier-N disponible aux cultures [Section 3.3.2.6]. 
 
Il a été démontré que l’efficacité du fumier-N peut être augmentée lorsque les effluents sont appliqués 
par injection ou par épandeurs . Cette augmentation n’est pas simplement due à la conservation des 
fumiers-N en réduisant les émissions de NH3, mais aussi en raison de la diminution des contacts entre 
les boues et les sols. En fait, l’absorption par les cultures d'engrais-N a tendance à être plus grande 
quand les effluents ont été appliqués par injection que quand ils ont été incorporés dans le sol. C'est 
parce que le plus grand contact étroit entre effluents et le sol , en comparaison avec injecté, les 
effluents donnent une immobilisation plus accrue de l'ammonium et l'azote organique dans les 
effluents, en particulier dans les sols à texture fine. D'où l'utilisation d’effluents azotes peut être 
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augmentée dans la première année en minimisant le contact entre les effluents et les sols (par 
exemple par injection d’effluent), à condition que les pertes d'azote par volatilisation de NH3 et de 
dénitrification soient également minimisées. Les techniques d’applications moins efficaces et réduites 
en teneur NH3, par exemple bande étalée avec des tuyaux de fuite n'ont pas montré  une 
augmentation directe de l'efficacité du fumier-N. Toutefois, les techniques de réduction d'émissions 
peuvent permettre d’accroitre les jours de travail possibles au printemps mieux que la diffusion 
conventionnelle d’épandage avec une plaque anti-éclaboussures.En augmentant les possibilités 
d'appliquer le fumier au printemps, lorsque la demande de cultures pour N est plus grande, plutôt 
qu'en été, si cela est la pratique habituelle, le N absorbé  du lisier et le taux d’absorption des cultures 
à ce N peut être augmenté. Cependant, il n’est pas toujours le cas que tous les champs soient limités 
par les machines disponibles les jours ouvrables au printemps. Des études ont montré  que l'azote 
total ammoniacal dans le lisier est récupéré par les cultures avec une efficacité semblable à celle des 
minéraux d'engrais azotés, à condition que le lisier soit injecté, et les pertes de NH3 sont par 
conséquent rares  . [Section 3.3.2.4]. 
 
Il a été rapporté que l’absorption des cultures de N de surface épandues avec du lisier de porc 
augmente par C. 10% à la suite de la digestion anaérobie, comparée à l’application de lisier non 
digéré.  Cela peut être dû en partie à la minéralisation de l'azote organique lors de la digestion qui  
augmente  la quantité d'azote disponible dans le digestat. La teneur en C réduite des effluents digérés 
peut également augmenter la disponibilité de N par rapport au lisier brut en raison de la 
décomposition des effluents digérées C peut induire des sols N immobilisation. Digestion, en 
minéralisant les fractions les plus labiles de l'azote organique plus rapidement que ce ne serait le cas, 
peut conduire à réduire la disponibilité du fumier-N  les années suivantes. Néanmoins, même si la 
digestion n'augmente pas l’efficacité du fumier-N au cours d'une rotation il peut y avoir des avantages 
d'une disponibilité accrue de la saison après l'application de la première année de disponibilité a 
tendance à être plus prévisible et donc une base plus fiable pour ajuster la fertilisation azotée. Comme 
le pH des effluents va augmenter avec la digestion, les émissions de NH3 peuvent augmenter aussi 
bien si le digestat n’est pas incorporé ou infiltré rapidement dans le sol après l'épandage, bien que les 
études de terrain aient souvent signalé des émissions de NH3 similaires pour les effluents digérés et 
non digérées [Section 3.3.2.5]. 
 
L'acidification des effluents avec de l'acide sulfurique a montré la réduction  des émissions de NH3 par 
C. 70% et l'augmentation  de la récolte de N disponible par c. 30%. Cependant, elle est généralement 
trop coûteuse par rapport aux avantages nutritionnels dans les conditions actuelles [Section 3.3.2.5]. 
 
Les considérations stratégiques 
• Assurer l'allocation complète pour la libération à long terme du fumier-N: à l'heure actuelle la 
majorité des ÉM ne considèrent que la disponibilité de la première année. Selon les 
estimations actuelles des cultures disponibles N ont tendance à sous-estimer l’émission de N 
du fumier-N, en particulier celle du fumier de ferme, au cours d'une rotation. Cela nécessiterait 
la prise en compte de l'efficacité avec laquelle le fumier-N est utilisé sur une rotation plutôt 
que simplement les VRFA dans la saison suivant l’épandage lors de l'évaluation du rôle des 
engrais dans un régime de fertilisation azotée globale. Comme la minéralisation de l'azote 
dans le sol se fait durant la plupart de l’année, l'effet résiduel est le plus grand dans les 
cultures avec une longue saison de croissance [Section 4.2.5]. 
• Il est prouvé que l'efficacité avec laquelle le fumier-N est récupéré varie selon le type de sol. 
Peu de EM tiennent compte explicitement de l'influence du type de sol, mais le faire serait 
d'améliorer la précision avec laquelle VRFA peut être estimé. Les effets de la texture du sol 
peut être compensé lorsque le fumier est placé plutôt que mélangé dans le sol [Section 4.2.5]. 
• Le climat est généralement pris en compte seulement au début et à la fin des périodes de 
fermeture de l'application de fumier dans une tentative pour empêcher les pertes d'azote. 
Aucun EM ne semblent prendre en compte les différences de climat pendant la saison de 
croissance qui pourrait affecter la croissance des cultures et l’absorption des fumiers-N par les 
cultures. 
• Lorsque le lisier est appliqué à l'herbe à intervalles pendant toute la saison de croissance, les 
tondes plus tardives dans la saison n’utilisent pas N aussi efficacement qu’a la première 
coupe en raison d'une moindre croissance d'absorption de N et peut-être l’augmentation de la 
volatilisation de NH3 sous des conditions plus chaudes et plus de dénitrification en automne 
comparé  au printemps ou à cause de  l'immobilisation associée à la mort des racines. Les 
résultats indiquent que la meilleure utilisation peut être obtenue en réduisant constamment les 
quantités de fumier-N appliquées au cours de la saison de croissance. L'utilisation la plus 
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efficace du fumier-N semble être obtenue lorsque des taux modérés de fumier sont appliqués 
au début de la saison de croissance et les besoins en N des récoltes sont satisfaits à l'aide 
d'engrais N plus tard dans la saison [Section 4.2.4]. 
• Avec l'adoption de périodes de fermeture pour l'épandage afin de conformer à la directive 
Nitrates, on pourrait conclure qu'il y a peu de place pour de nouvelles améliorations dans 
l'efficacité du fumier-N par l'introduction de nouvelles restrictions sur le calendrier des 
applications de fumier. Il est reconnu que l'VRFA de fumiers avec une grande proportion de 
cultures N disponible est généralement maximisée par le report de demandes jusqu'au 
printemps, qui est en accord  avec les périodes de fermeture en place pour empêcher le 
lessivage des NO3-. Toutefois, dans plusieurs États membres, le lessivage des NO3 pourrait 
encore être réduit en évitant l'application du  fumier de ferme en automne avant le semis des 
céréales d'hiver. Certains États membres interdisent déjà l'application de tous les fumiers (y 
compris les fumiers de ferme) pendant les mois d’automne et d’hiver [Section 3.3.3.4]. 
 
L'expérience des études de cas 
L'expérience des études de cas confirme les conclusions fondées sur la littérature [Section 3.3.3]. 
• Application d’effluents par des techniques d’application à émission réduite de NH3 augmente 
VRFA (Dk). 
• Le moment approprié d'épandage au printemps permettra d'améliorer l'absorption N par les 
cultures et de minimiser les risques de lessivage de NO3- (At). 
• La combinaison de la séparation du fumier par l'injection améliore l'efficacité de l'injection et le 
compostage des matières solides, qui sera disponible plus tard dans l'année illustre comment la 
séparation d’effluents pourrait être plus efficacement adoptée (ES) 
• Les résultats des travaux en Angleterre indiquent que l'intégration des applications de fumier 
dans une rotation entière est un moyen plus efficace de réduire le lessivage de NO3-que de ne 
considérer que la culture à laquelle le fumier est épandu, même lorsque les règles actuelles sur 
le calendrier d'application et de taux ont été suivies. 
 
Conclusions générales et recommandations 
• Une obligation explicite de prendre en compte  les techniques d'application du fumier pour la 
réduction des émissions de NH3  qui augmenterait l’efficacité de N. 
• Réduire les techniques d’application de NH3 qui ajoutent du lisier ou du fumier en bandes, 
sans se mélanger complétement avec le sol, ainsi que par injection, apparaissent plus 
efficaces pour augmenter l'efficacité du fumier-N que les méthodes d'épandage du fumier qui 
se mélange avec le sol. 
• La digestion anaérobie des effluents peut à la fois aussi augmenter la disponibilité de l'azote 
dans la saison suivant l'application et réduire le potentiel pour l'immobilisation de fumier-N 
dans le sol.  
Cependant, le potentiel d'émissions de NH3 peut être augmenté lorsque l'épandage du lisier digéré 
par rapport à du lisier non digéré. Par conséquent, il est conseillé d'appliquer du lisier digéré  par des 
techniques d'émission réduite.  
 
• Une plus grande reconnaissance des différences entre les sols dans la reprise des cultures de 
N pourrait permettre une évaluation plus précise de l'absorption des cultures et toute exigence 
subséquente d'engrais N. 
•  Afin d'exploiter pleinement la valeur fertilisante des fumiers-N, il existe un besoin de tenir 
compte de l'absorption sur plus d'un an.  
 
Dans le court terme (2-5 ans après l'épandage de fumier), ce peut être en utilisant explicitement des 
estimations modélisées de la minéralisation des formes organiques du fumier-N. À plus long terme, 
cela peut se faire par échantillonnage du sol à 90 cm pour estimer la minérale-N ou N minéralisable 
dans le sol ou en utilisant des valeurs de référence. Les quantités d’engrais azotés peuvent être 
conséquemment réduites pour tenir compte à long terme de l'application des engrais. Ceci est 
particulièrement important pour les engrais tels que le fumier de ferme qui, bien que fournissant N   N 
absorbable par les cultures dans le saison après l'application  et dans les années suivantes, la N dans 
le soil reste disponible pour la culture suivante. 
 
 
 
• Notre conclusion générale est qu'il n'y a pas de technique simple ou une approche qui 
va conduire à une augmentation de l’efficacité des effluents d’élevage. 
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• Bien que des technique de réduction d’émission NH3, en particulier par injection et par fuite de 
tuyautage, peut augmenter VRFA une stratégie soigneusement intégrée est nécessaire, qui 
tienne compte des différences dans la récupération apparente de N parmi les cultures et selon 
le moment de l'épandage du fumier. Si les applications sont faites à la fin de la saison de 
croissance, par exemple à la troisième ou la quatrième coupe d'herbe d'ensilage, ou à des 
cultures avec une courte saison de croissance, telles que les céréales semées au printemps, 
les cultures ne peuvent pas absorber la totalité des N supplémentaires conservés, ce qui peut 
conduire à un plus grand résidu de N minéral à l'automne qui peut être perdu par lessivage. 
Pour minimiser l'impact global de l'utilisation d'azote dans l'agriculture l'utilisation maximale de fumier-
N est exigée afin de réduire le besoin d'engrais azotés et de réduire les émissions résultant à la fois 
de sa fabrication et de son application.Plusieurs études ont montré qu’à l’échelle de la ferme 
l’application des engrais à taux bas,  et l’application d'engrais azotés à certains moments de l'année 
où la récupération apparente de N de fumier peut être limitée, peut donner une plus grande VRFA que 
de se concentrer uniquement sur les moyens de conserver le fumier-N. Une telle stratégie sera 
différente d'une région à l’autre à l'intérieur de l'Union européenne et également au sein des systèmes 
agricoles. Dans de nombreuses régions de l’UE l'élevage est déjà tellement concentré que les 
quantités de N appliqué comme le fumier peuvent être à la limite d’application nécessaire pour se 
conformer à la directive sur les nitrates. Néanmoins, dans les régions et les localités où l'agriculture 
mixte existe toujours, que ce soit sous la forme de fermes qui élèvent du bétail et cultivent des 
cultures ou des fermes d'élevage où les deux ensemble, une spécialisation plus poussée des fermes 
ou des localités dans la production animale peuvent contrer les initiatives pour augmenter l'efficacité 
des effluents d’élevage au niveau de l'UE. 
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Glossary 
 
AP, Action Programme 
CGAP, Code of Good Agricultural Practice 
FYM, farmyard manure 
GHG, greenhouse gas 
MS, Member State (of the EU) 
MVRF, manure fertilizer replacement value 
N, nitrogen 
NEC, National Emissions Ceilings Directive 
NFRV, nitrogen fertilizer replacement value 
NH3, ammonia gas 
NH4+, ammonium ion 
NO, nitric oxide gas 
NO3-, nitrate 
N2O, nitrous oxide gas 
NUE, nitrogen use efficiency 
NUTS, The European Union common classification of territorial units for statistics 
NVZ, Nitrate Vulnerable Zone 
P, phosphorus 
RAMIRAN, Research Network on Recycling of Agricultural and Industrial Residues in Agriculture. 
RNFV, relative N fertilizer value 
SMN, Soil Mineral Nitrogen 
SNS, soil N supply 
TAN, total ammoniacal N 
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1 INTRODUCTION 
1.1 BACKGROUND 
Organic manures applied to agricultural land arise mainly from livestock production (liquid slurries, 
litter-based farmyard manures (FYM) and poultry manures) and also from other sources such as 
treated sewage sludges (commonly called biosolids), composts, digestate from the anaerobic 
digestion of energy crops, and industrial ‘wastes’ such as paper crumble, food industry by-products 
etc. These materials are valuable sources of most major plant nutrients and organic matter. Careful 
recycling to land allows their nutrient value to be used to enhance crop growth and maintain or 
improve soil fertility, which will usually result in large savings in the use of inorganic fertilizers.  
 
Traditionally, organic manures, along with deposits of excreta during grazing, clover and green 
manures, were the only sources of crop nutrients in addition to those already in the soil. With the 
availability of inexpensive mineral-N fertilizers, manures came to be regarded as sources of 
phosphorus (P) and potassium (K), rather than nitrogen (N), as the availability of manure-N was 
difficult to predict and depended greatly on the time of application in relation to crop demand for N.  
 
However, manures can present a considerable environmental risk if their N content is not used 
effectively. In particular, large amounts of N may enter the wider environment following the application 
of manures to land. Nitrate (NO3-) enters ground and surface waters (Foster et al., 1982), increasing 
eutrophication and reducing drinking water quality, ammonia (NH3), when deposited to terrestrial and 
aquatic ecosystems, increases eutrophication and soil acidification (Roeloffs and Houdijk, 1991), 
nitrous oxide (N2O) contributes to global warming (Bouwman, 1990) and breakdown of stratospheric 
ozone (Crutzen, 1981). Only emissions of dinitrogen (N2) have no direct impact on the environment, 
though the N lost by such emissions must be replaced, for example via the addition of fertilizer, which 
may have associated environmental costs. 
 
In 2007 total N excretion by livestock in the EU-27 was c. 9,100 ktons (EU, 2011). Oenema et al. 
(2007) indicated that only 52% of the N excreted in livestock was potentially recycled as a plant 
nutrient. 
 
Reduction of N pollution from agriculture has been a focus of environmental policy since the nineties 
both at European and international level. The EU Nitrates Directive (91/676/EEC) requires Member 
States (MS) to introduce measures to prevent and reduce NO3- losses to ground and surface waters 
from agricultural sources. The 1999 Gothenburg Protocol sets targets to reduce emissions of 
atmospheric pollutants including NH3. The national Emissions Ceilings (NEC) Directive (2001/81/EC) 
places limits on the amount of NH3 that may be emitted by each MS. Under the Kyoto protocol on 
Climate Change, signatories committed themselves to greenhouse gas (GHG) emission reduction 
targets, including N2O.  
 
The objectives of the Nitrates Directive are to reduce water pollution caused or induced by NO3- from 
agricultural sources and to prevent further such pollution through a number of steps to be fulfilled by 
MS, i.e.:  
• Monitor water quality (with regard to NO3- concentration and trophic status). 
• Designate nitrate vulnerable zones (NVZ) or apply measures to the whole country. 
• Establish a Code of Good Agricultural Practices (CGAP) (voluntary implementation outside 
NVZ/obligatory within NVZ)  
• Establish action programmes (AP), a set of measures to prevent and reduce NO3- pollution, 
obligatory within NVZ or to the whole country. 
 
Annexes II and III of the Nitrates Directive set out a list of measures, which have to be included in the 
CGAP (Annex II) and the AP (Annex II and III). In particular, the CGAPs and the AP must contain 
provisions relating to manure storage capacity, restrictions on application of fertilizers and manure, 
limits to the amount of applied manure, and tuning of the amount of N applied to crops to crop demand 
and N supply by other sources (“balanced N fertilization”). 
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In NVZs, or within the whole country if it is chosen for a whole territory approach, the amount of total N 
in livestock manures applied to land each year, including by the animal themselves, must not exceed 
170 kg/ha. The Nitrates Directive allows for the possibility of a derogation with respect to the maximum 
amount of 170 kg N/ha/year for livestock manure, provided that it is demonstrated that the Directive’s 
objectives are still achieved and that the derogation is based on objective criteria such as long growing 
seasons, crops with high N uptake, high net precipitation or soils with a high denitrification capacity. 
The application of fertilizers and manure in NVZs must be based on a balance between the 
foreseeable N requirements of the crops, and the N supply to the crops from the soil and all possible 
sources and from fertilization (i.e. balanced N fertilization). In some fields, it may be necessary to limit 
organic manure applications in order to avoid excessive enrichment of soil P levels. In NVZs, it is 
mandatory to follow the AP which includes restrictions on the application of organic manures and 
mineral fertilizers. 
 
When planning manure management systems, information is needed on the quantity and nutrient 
content of livestock manures used on a farm (produced and imported). This depends on a number of 
factors, including the number and type of livestock, the diet and feeding system, the volume of dirty 
water and rainwater entering storage facilities, and the amount of bedding used. In NVZs, the 
minimum manure storage capacity should be sufficient to cover all periods during which application of 
manures is prohibited or not possible due to climatic conditions. 
 
Adjusting farming practices to meet these obligations requires a quantitative understanding of the N 
cycle since N emissions are part of that cycle and measures to reduce one N pollutant may increase 
emissions of another. 
 
1.1.1. The availability of manure-N to crops 
Nitrogen is present in manures in different forms. Available nitrogen (i.e. ammonium-N, nitrate-N and 
uric acid-N) is the N regarded as potentially available for uptake by the crop grown in the season of 
manure application, and is commonly referred to as mineral-N, albeit available N often includes easily 
mineralizable organic N. Slurries and poultry manures have relatively large proportions of mineral-N 
(typically in the range of 35-70% of total N) compared with FYM which usually has only a small 
proportion of N in mineral form (10-25% of total N; Menzi, 2002). Organic-N is the N in organic forms 
which becomes available for crop uptake after mineralization over a period of months to years. 
 
Figure 1 below, based on information in the UK advisory handbook RB209 (Anon, 2000), illustrates 
how the proportions of crop-available N vary among manure types. 
 
 
Figure 1. Typical proportions of different forms of N in livestock manures in the UK 
 
Table 1 below summarizes the results of Menzi (2002) presenting the means and ranges of manure 
analyses to illustrate the variation among European countries, including 15 of the EU MS. 
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Table 1. Average and range of composition values for different types of manure reported from 15 EU 
countries and Switzerland. Menzi (2002). 
 Dry matter Organic matter N NH4-N 
 kg/t or  kg/m3 
Liquid manure/slurry  
Cattle Average 6.7 5.7 4.0 2.3 
 Range 1.5-12.3 1.0-7.5 2.0-7.0 1.0-4.9 
pigs Average 5.2 3.8 4.8 3.4 
 Range 1.5-9.2 0.5-6.4 1.2-8.2 1.9-6.1 
poultry Average 17.0 12.2 11.2 5.3 
 Range 10.0-30.0 20.0-19.8 2-18 1.9-7.8 
Results of solid manure survey RAMIRAN* 
Cattle Average  22.3  4.8 1.3 
 range 16-43  2.0-7.7 0.5-2.5 
Pigs Average  23.8  6.8 2.4 
 range 20-30  4.0-9.0 0.7-6.0 
Laying hens Average  40.6  23.6 10.9 
 range 22-55  5.1-25 37-60 
Broilers Average  60.3  24.5 8.0 
 range 45-85  218-40 2.0-15 
*RAMIRAN, Research Network on Recycling of Agricultural and Industrial Residues in Agriculture. 
 
Crop-available N is the mineral-N and mineralized organic-N that remains available for crop uptake 
after accounting for any losses of N. The proportion of crop available mineral-N is dependent on N 
losses (NH3, N2O, NO and NO3- leaching and surface runoff) following application to land and 
influenced by manure application technique (e.g. implementation of NH3 abatement techniques), time 
of application, weather conditions, soil type, etc. The efficiency of organic N is dependent on the rate 
of mineralization. 
 
Of the mineral N in manures (i.e. ammonium-N, nitrate-N and uric acid-N) the greatest amounts are 
ammonium (NH4+) ions and NH3, which together are commonly referred to as total ammoniacal N 
(TAN). Slurry-TAN has been reported to be recovered by crops with an efficiency similar to that of 
mineral-N fertilizer (Schröder et al., 2007 and other papers cited therein) albeit N recovery from FYM 
appeared to be greater than the TAN applied, indicating significant mineralization of organic-N during 
the season of application. Moreover, continued mineralization of organic-N applied in manures 
provides plant-available N to crops in subsequent years and this also needs to be accounted for 
(Schröder et al., 2007) to fully assess the agronomic potential of organic manures. 
 
1.1.1.1. Concepts of manure-N efficiency 
Table 2 shows terms used to describe the efficiency with which manure-N may be used by crops. The 
N fertilizer replacement value (NFRV), is the amount of N fertilizer that would produce the same crop 
response as the manure-N available to the crop grown in the season during which the manure is 
applied. This definition of manure-N efficiency regards manure-N on the same basis as fertilizer-N, 
since crops are usually regarded as responding to mineral-N fertilizers only in the season the mineral 
fertilizers are applied.  
 
Table 2. Terms used to describe the efficiency with which manure-N may be used by crops 
Term Definition Description 
Available-N Usually the mineral or easily mineralized 
fraction of manure-N 
The N in manures potentially available for crop 
uptake in the season the manure is applied 
Crop-available N The proportion of available-N remaining 
as crop-available N after losses, which 
will depend on factors such as time of 
manure application, soil type 
The available-N remaining after loss following 
application to land as NH3, NO3-, etc. 
NFRV Nitrogen fertilizer replacement value The amount of N fertilizer that can be replaced 
by manure-N 
Manure-N 
efficiency 
The proportion of manure-N that can be 
recovered by crops over more than one 
season 
Available-N plus N expected to be mineralized 
over following seasons  
 
Nitrogen use efficiency (NUE) can be applied on different scales, i.e. farm scale, field scale, plant 
scale and animal scale. At the farm scale NUE is the overall efficiency with which N is used in the 
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entire farm system to produce outputs. With respect to crop production NUE is also referred to as: 
recovery fraction; apparent recovery fraction; agronomic efficiency; partial factor productivity. 
Integrated N management is regarded as the key to improving NUE, to decrease the difference 
between the N input and output in useful products at farm level, and to prevent unacceptable trade 
offs among N pollutants. NUE on the farm scale is an indicator for the overall N resource use 
efficiency, and is defined as the ratio between the total N output in useful products and the total N 
input at farm level. The N input-output balance relates to the difference between total N input and 
output in useful products at farm level or field level. The N surplus on the balance is a pressure 
indicator for the total N losses to the environment. In the context of this study the most appropriate 
definition of NUE is the agronomic efficiency at the field scale. 
 
In this project the efficiency with which the N in manure applied to land may be utilized by crops was 
assessed, so that manure can be properly taken into account when assessing the need for 
subsequent inputs of fertilizer-N. Crop utilization over more than one season needs to be accounted 
for. Henceforth we will use the term manure-N efficiency defined in Table 2 above. Figure 2 below 
illustrates how losses of N to the environment and transformations of N in soil may effect manure-N 
efficiency by giving a schematic overview of how manure-N additions contribute to the N cycle within 
soils. 
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  Manure-N 
 
Not all manure-N is available for crop 
uptake in the season of application 
 
Available-N 10-60% of total 
 
The proportion available depends on 
many factors including livestock diet, 
use of litter in manure and storage 
type and duration 
Once available-N 
nitrified to NO3
- it may 
be lost by leaching.  
 
The amount depending 
upon the time of 
application in relation to 
HER and crop uptake 
Some available-N lost as 
N2O from nitrification and 
denitrification and N2 
As manure infiltrates soil 
some available-N is nitrified to 
NO3
- 
 
Some of the NO3- denitrified 
Manure-N recovered 
by crops 
Crops also have to compete 
with soil microbes for mineral-N. 
 
This is also the case for 
fertilizer-N, but soluble-C in 
manures can be a source of 
energy for microbes 
Some available-N will be lost as NH3 
The amount depending on method 
of application, and also on weather 
conditions 
         Application to land
Available-N remaining 
after losses as NH3, 
N2O, N2,and NO3-, plus 
mineralized N 
 
Mineralization of 
organic manure-N 
may make more N 
available to crops 
 Available-N remaining in soil 
may be taken up by crops 
 
 
Figure 2. Schematic of how losses of N to the environment and transformations of N in soil may effect 
manure-N efficiency. HER is hydrologically effective rainfall  
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2 OBJECTIVES OF THE STUDY 
The overall objective of this report is to provide a detailed analysis of the different ways in which 
manure-N efficiency is defined and the methods by which it is determined throughout the EU 27, 
including variation at regional levels where applicable. 
 
The report was prepared by seven institutes: AEA (UK; lead), Alterra (the Netherlands), BOKU 
(Austria), NEIKER (Spain), the University of Aarhus (Denmark), ITP (Poland) and JTI (Sweden). 
Members of the team are actively involved in assessments of the utilization and environmental 
impacts of livestock manures with respect to implementation of the Nitrates and IPPC Directives, 
initiatives to reduce agricultural emissions of GHGs and the Gothenburg protocol by the EU-27. 
 
The report is divided into three Sections: 
 
Section 1 is a summary of:  
• How each MS takes account of manure-N efficiency in the AP.  
• Regional differences in manure-N efficiency rates at MS and regional level.  
• A comprehensive overview of the calculation method and underpinning information for 
established manure-N efficiency rates.  
• Comparison of the methods employed to estimate manure-N efficiency and suggestions for 
'best practice' to be used in the estimation of manure-N efficiency. 
 
As well as evaluating manure-N use efficiency on the basis of data available in the literature, manure-
N efficiency has also been estimated by means of a conceptual model which can be used for all MS. 
The advantage of this approach is that we have a uniform approach for the whole EU, which makes 
comparison easier.  
 
Section 2 is an assessment of the extent to which differences in the climatic conditions and agricultural 
practices  identified in section 1 lead to significant differences in the availability of manure-N for both 
crop uptake and NO3- leaching among the MS and regions of the EU, together with an explanation of 
the reasons behind any differences reported. 
 
Section 3 is a systematic literature review to identify the most effective measures and practices to 
improve manure-N efficiency. Section 3 includes case studies from four countries of the EU, and one 
from Switzerland, to describe practices which may be used to increase manure-N efficiency and the 
extent to which such practices may be adopted in other EU countries. 
 
The results are presented below in a concise, accessible and fully-referenced report making optimum 
use of tables and figures to answer the question of how manure-N efficiency is currently estimated in 
the MS and regions of the EU-27, how these estimates have been derived and practical means by 
which manure-N efficiency may be improved.  
 
Full details of the analysis reported in sections 1 and 2 are provided in Annexes 1 and 2. 
 
2.1. SECTION 1. THE CURRENT APPLICABLE MANURE-N EFFICIENCY RATES 
IN THE EU 27 
 
2.1.1. Aims 
The aims of this section are to identify, report and critically evaluate how manure-N efficiency is taken 
into account by MS in their AP. Information was obtained by means of liaison with MS to elicit further 
information, in particular to identify any specific regional differences in manure-N efficiency rates at 
MS and regional level and provide a comprehensive overview of the calculation method and 
underpinning information for established manure-N efficiency rates. The replies received from the MS 
were not always comprehensive or appropriate to the study. 
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2.1.2. Approach 
An evaluation of the current situation with respect to how manure-N efficiency is taken into account 
was carried out via an extensive review of the APs and available literature for each MS. The 
assessment includes an analysis of which definition for manure-N efficiency is used by the MS, as 
there are several terms which may be used to describe manure-N efficiency (Table 2 above). 
 
An assessment was carried out based on the following questions:  
 
1. Examine the APs for definition of 'manure-N efficiency' 
1.1 Evaluate the ways in which manure-N efficiency is defined or considered in the APs (using the 
definitions in Table 2) 
1.2 Is there a clear definition of the N efficiency of manure given in the APs?  
 
2. Identify methods used to measure mineral (available) N in manures 
2.1. How is total-N measured / estimated?  
2.2. How is this mineral-N measured? 
2.3. How are the gaseous losses in housing systems and manure storage systems accounted for? 
 
3. Estimate how the rates at which organic manures become available are estimated 
3.1. How is longer-term availability of the organic-N in manures estimated? 
3.2. And for how many seasons/years? (short-term and long-term N availability). 
 
4. Record the approach to manure management and application 
4.1. How is manure managed / treated to improve manure-N efficiency? 
4.2. How is the N efficiency of manure accounted for? How is it affected by method of application? 
4.3. How and when is manure applied? What are the closed periods for manure application and are 
there any restrictions on the methods used to apply manures?  
4.4. Are there proposals for improvement of manure management and application techniques to 
reduce N losses and hence to increase N efficiency? 
4.5. Additional information to be recorded during the year.  
 
5. Determine what allowance, if any, is made for N excreted during grazing 
 
6. Record the efficiency rates in function of environmental and climatic conditions and agricultural 
practices are affected by: 
6.1. Season of application. 
6.2. Soil type. 
6.3. Cropping (land use, e.g. arable vs. grassland). 
6.4. Animal feed. 
6.5. Local agricultural practices (time and method of application, differences between conventional 
and organic production). 
 
The output from this work is a summary of:  
• How each MS takes account of manure-N efficiency in the APs.  
• Regional differences in manure-N efficiency rates at MS and regional level.  
• A comprehensive overview of the calculation method and underpinning information for 
established manure-N efficiency rates.  
• Comparison of the methods employed to estimate manure-N efficiency and suggestions for 
'best practice' to be used in the estimation of manure-N efficiency. 
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2.2. SECTION 2: ASSESS THE EFFICIENCY RATES IN FUNCTION OF 
ENVIRONMENTAL AND CLIMATIC CONDITIONS AND AGRICULTURAL 
PRACTICES 
2.1.1. Aims 
The aims of this section were to supplement the findings of Section 1 by considering the various 
environmental and climatic conditions and agricultural practices in EU 27 and specific regions within 
MS. 
 
2.1.2. Approach 
It was not expected that all the information needed to complete Section 1 will be obtained from looking 
through the APs. As such, relevant authorities in each MS were approached to complete the 
assessment. Liaison with MS was attributed taking into account the language skills available within 
each organisation. The most appropriate organisation to liaise with contacts in each MS is based upon 
a combination knowledge and understanding of manure use in agriculture in the region which the MS 
occupies and relevant language skills. 
 
In this section the findings of Section 1 are supplemented by considering the various environmental 
and climatic conditions and agricultural practices in the EU 27 and specific regions within MS. 
 
Member states were contacted and asked to complete a questionnaire for further information. The 
questionnaire was written as presented below in italics. 
 
Within Nitrate Vulnerable Zones (NVZs) countries have to take measures to reduce nitrate leaching, 
including balanced N fertilization. Do you take into account in your Action Programme the efficiency 
with which manure-N is taken up by crops (referred to as 'manure-N efficiency'). If the answer is yes, 
please respond to the questions below. 
 
If you do not take manure-N efficiency into account in your Action Program, how do you value manure-
N in the application standards in systems of balanced N fertilization? 
 
This could be by providing estimates of the amounts of N in manure that are available to crops 
(available-N) or the fertilizer-N replacement value (NFRV) of manures. 
 
Which factors do you take into account in the estimation of available-N or the NFRV? 
 
Below is a list of possible factors; there may be other factors that could be used. If you use other 
factors, please list them in your reply. To indicate the information we require we also attach a 
completed questionnaire with the answers from one MS entered in blue.  
 
Factors 
• Soil type 
• Crop/rotation type, e.g. tillage land/grassland, autumn-sown/spring-sown crops 
• Season of application/periods of application 
• Weather (e.g. temperature, rainfall)  
• Manure application method (do you consider only broadcast application to the surface or do 
you take account of incorporation to reduce surface run-off or reduced-NH3 emission 
spreading techniques) 
• Manure type (liquid/solid and livestock type) 
• What are the: 
 
• Standard compositions named in the AP for the following: 
 
o Manure-N concentrations (kg/t fresh weight) 
o Proportions of organic/ min N in each manure type (% of total-N) 
o Manure-P concentrations (kg P2O5/t fresh weight) 
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• Reduced-NH3 techniques used (reduced compared with emission following broadcast 
spreading) 
• Application/Incorporation techniques to reduce run-off 
• Is any account taken of manure management / treatment? 
• Do you advise any manure treatments or management strategies to increase manure-N 
efficiency. If the answer is yes please name the treatment or strategy. 
• What is the basis of your factors: field measurements; model outputs. 
• Are any publications or documents available reporting the basis for manure-N efficiency. 
 
 
To indicate the information required, a completed questionnaire was attached with the answers from 
one MS entered in blue to provide guidance to the MS on the type of data required. This blue text was 
to be replaced by the entry for the MS. The summary of replies are included in Annex 2. 
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3 RESULTS 
3.1. CHAPTER 1. SECTIONS 1 AND 2 
3.1.1. Current estimates of manure-N efficiency used in each MS in APs 
None of the MS presents a specific reference to, or definition of, manure-N efficiency in their AP or 
CGAP. The AP for the Lombardy region of Italy (used in this study as in Italy APs have been prepared 
at the regional level) does report efficiency coefficients for manure-N uptake according to soil type. 
The most commonly used term is 'available N'. The % available N may be considered equivalent to the 
efficiency of manure-N in the season following application. Table 3 below presents current estimates 
of available-N in manure as a % of total-N as reported by the MS in response to the questionnaire. 
 
Table 3. Available N in manure. % of total-N. Values derived from AP or CGAP except where indicated 
MS Cattle Pigs Layer Broiler Sheep 
 Slurry Solid Slurry Solid Slurry Solid   
AT* 50 5/15 65 5/15 60 30 30 NR 
BE (Flan) 60 30 60 30 60 30 30 30 
BE (Wall) NR NR NR NR NR NR NR NR 
BG**1 20-35 20 40-45 20 40-50 40-50 40-50 NR 
CY NR NR NR NR NR NR NR NR 
CZ 60 40 60 40 60 40 40 40 
DK2 70 653 75 653 70 65 653 653 
EE** 50 25 50 25 50 25 25 25 
FI NR NR NR NR NR NR NR NR 
FR4 NA NA NA NA NA NA NA NA 
DE* 50 25-30 60 25-30 60 30 60 NR 
EL** 20-35 10 25-45 10 20-30 20-30 20-30 10 
HU NR NR NR NR NR NR NR NR 
IE 40 30 50 50 50 50 50 NR 
IT5 24-62 24-62 28-73 28-73 32-84 32-84 32-84 NR 
LV 50 25 50 25 30 25 25 NR 
LT  635  635   635 635 
LU* 25-50 30-50 30-60 30-50 NR 50 50 NR 
MT NR NR NR NR NR NR NR NR 
NL**** 60 40 60-70 55 60/70 55 55 NR 
PL 50-60 30 50-60 30 50-60 30 30 30 
PT** 55-75 30-60 50-80 40-60 50-70 40-60 40-60 40-60 
RO*7 50 30 50 30 NR 30 50 NR 
SK 50 30 50 30 30 50 50 NR 
SI*** 50 30 50 30 30 50 50 NR 
ES8         
SE* 940-50 936-41 57 47 NR 48 1047/57 38 
UK* 1120/35 10 1125/50 10 NR 1120/35 1120/30 10 
UK NI*  30 50 30   30  
*From advisory literature 
**From questionnaire 
***From RAMIRAN  
****From Van Dijk et al., 2004 
NR, not reported 
1Information provided by the MS in response to the questionnaire. See Annex 2 
2Includes residual N effects in the years following application 
345% for deep litter 
4In the AP of France manure-N availability is not expressed with respect only to the N content of the manure but 
with respect to the carbon to nitrogen (C:N) ratio in the manure 
5In Italy, APs have been established at regional level. For the purposes of this study, the values cited are from the 
AP of Lombardy. Availabilities are presented as a matrix according to soil type and time of application. The. 
6First year only. Total over 3 years = 70% 
7There are no figures available to indicate how manure-N uptake is changed by these factors as the calculations 
are performed using actual soil and climate conditions for all the soil polygons included in NVZs 
8Different values are used in different regions 
9Depending on class of animal 
10Deep litter/other 
11autumn/spring application 
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Conclusion: There is no clear definition of manure-N efficiency in any AP or CGAP of the MS. 
According to the information available, the Belgium-Walloon region, Cyprus, Finland, Hungary, Malta 
and Spain do not take manure-N efficiency into account in their AP. 
 
Further discussion of differences in estimates of the proportions of crop available N are given below. 
 
3.1.2. How these estimates were derived (field experiments, analytical techniques) 
Table 4 below summarizes how these estimates were derived. 
 
Table 4. Derivation of estimates of available manure-N  (field experiments, analytical techniques) 
MS  
AT Field measurements, model output and expert discussion 
BE (Flan) Field studies and incubation in laboratories 
BE (Wall) Field measurements 
BG The factors cited have been derived from field experiments and measurement 
CY At the moment, the AP does not state any standard manure N concentrations. Cyprus is in the 
process of identifying such concentrations based on international literature and laboratory 
measurements, not local field measurements or model output 
CZ  
DK The factors cited have been derived from field studies synthesised by modelling 
EE Several long term field studies 
FI Not provided by the MS 
FR Literature review and expert consensus 
DE Field studies 
EL Literature review and field studies 
HU Not provided by the MS 
IE Research findings 
IT Mostly field measurements and some model outputs 
LV Field measurements and model outputs 
LT Nitrogen balance principle is implemented in accordance with Fertilization plan 
LU N availability of organic manure has been derived from German, Belgian and French literature 
MT  
NL The NFRV is based on a combination of results of field experiments, in which the N yield of 
manure is compared with N fertilizer, and modelling, in which the availability of mineral N and 
organic N is estimated 
PL Field experiment data 
PT Not known 
RO Model output (ROIMPEL) based on long-time field trials in different pedo-climatic areas of 
Romania 
SK Uncertain, but appear to be derived from the literature 
SI No local data, literature values from comparable countries 
ES Literature review and the results of local studies 
SE Analysis of manure for ammonium nitrate content 
UK Field studies synthesised in the MANNER model which estimates losses of N to the environment 
following application of manure to land and the amounts of N remaining in the soil for uptake by 
crops 
UK NI Field trials undertaken over many years 
 
In most cases estimates of manure-N efficiency have been based on field measurements either 
supplemented by literature review or developed by modelling. Some MS (e.g. Luxemburg, Slovenia) 
have relied on values  derived from the literature of comparable countries. Sweden is unique in relying 
on manure analysis to provide the estimate of manure-N efficiency although Cyprus reported in their 
response to the questionnaire that they have combined manure analysis with literature review. 
 
3.1.3. Factors influencing manure-N availability 
The extent to which the following factors:  
1. Soil type 
2. Crop/rotation type 
3. Time of application 
4. Climate 
5. Application method 
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6. Manure type 
7. Time lag in manure availability 
were taken into account in the estimates of manure-N availability are summarized in Table 5 below 
which reports the extent to which the factors listed above are taken into account in the estimation of 
manure-N efficiency in the APs.  
 
Table 5. Responses as to whether or not the factors listed were taken into account in the estimates of 
manure-N availability 
MS Soil type Crop type Time of 
Application 
Climate Method of 
Application 
Manure 
type 
Long-term 
availability 
AT Yes Yes No No No Yes No 
BE (Flan) No No No No No1 Yes No 
BE (Wall) No No No No No No No 
BG Yes No Yes No Yes Yes Yes 
CY No No No No No No No 
CZ        
DK No Yes No No Yes Yes Yes 
EE No Yes Yes Yes No Yes Yes 
FI Yes Yes No No No Yes No 
FR No Yes Yes No No Yes Yes 
DE No Yes Yes Yes No Yes No 
EL Yes No No No No Yes No 
HU No No No No No No No 
IE Yes No No Yes No Yes No 
IT Yes Yes Yes No Yes Yes Yes 
LV Yes Yes Yes No No Yes No 
LT No No Yes Yes No Yes No 
LU No Yes Yes Yes No Yes No 
MT No No No No No No No 
NL Yes Yes No No No Yes No 
PL Yes Yes Yes No No Yes No 
PT No No No No No Yes No 
RO Yes Yes Yes Yes Yes Yes No 
SK No No No No No Yes Yes 
SI No No No No No Yes No 
ES Yes No No No No No No 
SW Yes Yes Yes Yes Yes Yes Yes 
UK Yes Yes Yes Yes Yes Yes No 
UK NI No No Yes No Yes Yes No 
1Since all allowed application methods are reduced emission application techniques 
 
A summary of the influence of each factor is given below.  
 
3.1.3.1. Soil type 
Very few MS reported any influence of soil type on manure-N efficiency. In most cases it was linked to 
closed periods and in some MS to crop N requirement. The exceptions were:  
• Italy where manure-N efficiency coefficients differ among three soil textures: coarse; average; 
fine; with efficiency being less on fine-textured soils.  
• The Netherlands, for pig slurries, the N efficiency coefficient is 60% for clay and peat and 70% 
for sand and loess. Soil type is not included as factor for the N efficiency of other manures. 
 
Insofar as soil type was reported to be taken into account it was usually in relation to the impact of soil 
type on NO3- leaching rather than on manure-N efficiency per se. Since the risk of NO3- leaching over 
winter is greater on free-draining sandy and shallow soils that on heavier textured and deeper soils, 
manure-N efficiency is likely to be less when manures with a large proportion of available-N are 
applied in autumn. Hence extending the closed period in areas were sandy and shallow soils 
predominate will reduce the risk of NO3- leaching and hence increase manure-N efficiency. Only the 
APs of Italy and the Netherlands report a direct effect of soil type on manure-N efficiency in addition to 
that which arises from differences in leaching potential over winter. Table 19 of Annex 1 reports the 
influence of manure type, soil type and time of application on the efficiency coefficients for slurry from 
pig, cattle and poultry used in Italy.  
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3.1.3.2. Crop/rotation type 
Table 6 summarizes the extent to which crop or rotation type is taken into account in the estimation of 
crop available N. This information was derived from the AP and from the MS replies to the 
questionnaires. 
 
Table 6. The role of crop/rotation type in determining estimates of manure-N efficiency 
MS Crop type  
AT Yes Only with respect to the closed period, which is different for arable and grassland 
(although if catch crops are grown arable land is treated as grassland) 
BE (Flan) No  
BE (Wall) No  
BG No Differentiate between grassland and tillage 
CY No  
CZ   
DK Yes Applications of liquid manure may be made post harvest for established grass and 
fields to be planted with winter oilseed rape and seed grass. The closed period is 
extended to March 1 for liquid manure applied to perennial crops which are not 
harvested every year. 
EE No  
FI No  
FR No  
DE Yes Only with respect to the closed period which differs for arable and grassland  
EL No  
HU No  
IE No  
IT Yes Nitrogen efficiency is related to crop in Table 18 of Annex 1.  
LV Yes Yes, considered in fertilizer plans 
LT No The autumn/winter closed period for the application of manure is the same and 
does not depend on crop rotation type  
LU Yes Application of manure in autumn must be followed by autumn-sown crop or NO3- 
catching crops. After maize harvest, no application of solid manure is allowed until 
15.1. if spring-sown crops are planned. 
MT No  
NL Yes The manure-N efficiency of manure produced on the farm, is 45% for farms with 
grazing and 60% for farm with only cut grassland 
PL Yes But only insofar as the manure application rate is calculated according to crop 
fertilizer (manure) requirements and the quantity of nutrients removed in the 
harvested crop and the choice of crop is related to soil type 
PT No  
RO Yes For each mapping unit model simulations are run on a two year basis considering 
all combinations of current and preceding crops 
SK No  
SI No  
ES No  
SW Yes Calculation of N applied in livestock manures and the need for N fertilization are 
recommended for each crop 
UK Yes But only with respect to the closed period which differs for arable and grassland 
UK NI No Not with respect to manure-N efficiency 
 
As with soil type, the effect of crop/rotation type was usually expressed via a change to the closed 
periods, which are often shorter under grassland due to the crop cover and N uptake from the late 
summer to winter. 
 
3.1.3.3. Time of application - closed period 
The answers to this question usually related to the closed period rather than to whether there were 
any estimated differences in manure-N efficiency according to time of application. However, 
examination of the replies did indicate some discrimination between the manure-N efficiency of 
autumn and spring applications. Nevertheless, many MS no longer allow autumn application of 
manures. 
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Table 7. The role of time of application / closed periods in determining estimates of manure-N 
efficiency 
MS Time of 
Application 
 
AT No The closed period differs for arable and grassland, and there are some changes to 
the closed period for catch crops and crops with large nutrient demand 
BE (Flan) No In most cases, manure application starts on the 15th of February, hence there is 
differentiation in NFRV 
BE (Wall) No The closed period differs for arable and grassland 
BG Yes The % of manure-N available for crop uptake in the growing season in which it is 
spread is greater when manures are applied after 1 January than when manures 
are applied before 1 January. 
CY Yes Application of slurry, manure or fertilizers is prohibited when land is flooded, 
frozen, snow covered and in periods of heavy rain 
CZ   
DK No Manures must not be applied to the soil between harvesting and February 1. Solid 
manure may be applied from harvest until October 20 on fields that are 
subsequently planted with winter crops. Solid manure may be applied after 
November 1 on loamy soils. 
EE No  
FI No Not used for determining N rates 
FR Yes Legislation regarding land application in the NVZs is based on a land spreading 
calendar implemented in each French department (NUTS 3 level) and for each 
combination of manure/crop type. 
DE Yes But only with respect to the closed period which differs for arable and grassland 
EL No  
HU Yes Although the MS answered yes to this question the closed period is the same for 
arable and grassland. The answer “yes” was because farmers are only allowed to 
apply manure in the autumn if they grow a new crop in the autumn. 
IE No  
IT Yes Nitrogen efficiency is related to time of application in Table 19 of Annex 1. 
LV No   
LT Yes The % of manure-N available for crop uptake in the growing season in which it is 
spread is greater when manures are applied after 1 April till 15 July and after 1 
August till 15 November 
LU Yes The percentage (%) of manure-N available for crop uptake in the growing season 
in which it is spread is greater when manures are applied after 1 January than 
when manures are applied before 1 January 
MT No  
NL No Application of manure in autumn is no longer allowed. Previously there was a N 
efficiency factor for different application times 
PL Yes The NFRV of slurries and liquid manures are greater from spring than from 
autumn application 
PT No  
RO Yes Differentiate between autumn and spring applications 
SK No  
SI No  
ES No  
SW Yes Fertilizers which contain a large percentage of easily accessible N (e.g. slurry or 
urine) should not be applied during the autumn or before sowing winter cereals. 
Nor should such fertilizers be applied during the autumn before spring sowing in 
southern and central Sweden 
UK Yes The % of manure-N available for crop uptake in the growing season in which it is 
spread is greater when manures are applied after 1 January than when manures 
are applied before 1 January. (See Table 35 of Annex 1) 
UK NI Yes As per UK 
 
Table 8 below reports the closed periods for MS and any differences according to land use (tillage or 
grass), soil type (light or other) or manure type. 
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Table 8. Closed periods for manure application in MS as reported in APs except where indicated 
 Tillage land Grassland  
 Soil type Soil type Notes 
MS Light Other Light Other  
AT 15/11 - 15/2 [Slurry] 30/11 - 15/2 [Stable manure]  
BE (Flan) 1/9 - 15/2 [Slurry] 15/11 - 15/1 [FYM] 
 
1 
BE (Wall) 16/10 - 15/2 or none 16/10 - 31/1 or none 2 
BG 1/11 - 31/1 1/11 - 15/2 3 
CY NA  
CZ 15/11 - 31/1 [Climate region 0-5]    5/11 - 28/2 [Climate region 6-9]  
DK Harvest - 1/2  4 
EE* 1/12 - 31/3  
FI 15/10 - 15/4 5 
FR 1/9 - 15/1 6 
DE 1/11 - 31/1 15/11 - 31/1 7 
EL 1/9 - 31/10 NA 1/9 - 31/10 NA 8 
HU 15/11 - 15/12 9 
IE* 15/10 - 12-31/1 [except FYM]  1/11 - 12-31/1 [FYM] 10 
IT* 15/11 - 28/2  
LV 15/11 - 1/3  
LT* 15/11 - 1/4  
LU 15/10 - 15/2 [autumn sown] 15/10 - 1/3 [spring 
sown] 
16/11 - 31/1  
MT* 16/10 - 15/2 16/11 - 30/1 11 
NL 1/8 - 31/1 1/8 - 31/1 1/9 - 14/2 1/9 - 14/2 13 
PL 1/10 - 28/2  
PT* 15/10 - 1/2 [Horticultural crops]  1/11 - 1/2 [Fodder 
crops and fruit trees] 
15/10 - 1/2 13 
RO  14 
SK 15/11 - 15/2 16 
SI 15/11 - 15/2 [1/12 - 31/1] 1/12 - 15/1 [No limit] 17 
ES* 1/12 - 31/1 [cereals] 2 months prior to the vegetative 
period 
17 
SW 1/11 - 28/2 19 
UK 1/8 - 31/12 1/10 - 15/1 1/9 - 31/12 15/10 - 15/1 19 
UK NI 15/10 - 31/1 [except FYM]  31/10 - 31/1 [FYM]  
*Not explicitly stated in AP, information obtained from MS via questionnaire 
 
1. In the polder region the closed period is from 15 October till 15 February for arable land. 
 
2. Slow acting organic fertilizers may be spread on grassland and tillage land all year but from 1 July to 15 
October it is only authorized on tillage land for winter crops or catch crops sown before 15 September and 
destroyed after 30 November, and for straw incorporation with a maximum of 80 kg N/ha. 
 
3. The distinction is between tillage land and uncultivated land and areas under permanent crops. 
 
4. However, from harvest to October 1 liquid manure can be applied to established wintering grassland and fields, 
which will be planted with winter rape in the coming winter. Also exempt from this provision are applications from 
harvest until 15 October on areas of seed grass for which a contract on delivery of seeds in the coming season 
has been entered into with a seed-growing company. Solid manure can be applied from harvest till October 20 on 
fields that are later planted with winter crops. Solid manure may be applied after November 1 on loamy soils. 
 
5. If no risk of runoff then until 15/11 and after 1/4 possible. 
 
6. The minimum closed periods, to be observed throughout France, are: liquid manure, 1/11-15/1 for autumn 
crops; 1/7-15/1 for spring crops; 15/11-15/01 for grassland; solid manure: 1/7-31/8 on spring crops. In some 
departments these closed periods are extended. Closed periods may also differ for each combination of 
manure/crop type. The example given is for autumn-sown crops in Brittany. 
 
Crops are classified into 3 types: Autumn-sown crops, spring-sown crops and grasslands. 
Manure is categorized into 4 types:  
1- Farmyard manure (except from poultry) 
2- Farmyard manure and droppings from poultry 
3- Slurries 
4- Mineral fertilizers 
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For example, in Brittany, spreading of slurry is forbidden from the 1st of July to the 15th of February for spring-
sown crops and from the 1st of September to the 15th of January for autumn-sown crops. 
 
7. Exemptions from this rule may be granted: The competent authority as designated by Länder law may select 
different dates to those stated for the restricted period but minimum 12 (arable land) respectively 10 weeks 
(grassland). Approval criteria include regional conditions, especially weather and the beginning and end of plant 
growth, and the objectives of soil and water protection provisions. The competent authority may also issue 
additional requirements concerning application of fertilizers and may grant authorisation for a limited period only. 
 
8. Closed period for liquid manure and poultry manure only. 
 
9. An exception may be made for top dressing of winter cereals where manure application will be permitted from 
the 1st of February. The post-harvest application of manure containing readily soluble N will be prohibited if no 
new crop is sown in autumn. 
 
10. The regional differences are categorised based on generalised assumptions regarding pollution risk based on 
soil and climatic factors. 
 
11. These aspects are to be decided by a competent authority. 
 
12. The rules governing the period for spreading manure will therefore be tightened up from 2012: 
 
• Application of slurry on clay grassland and peat grassland permitted from 15 February to the following 1 
September (currently 1 February to 15 September). 
• Application of slurry on sandy grassland and loess grassland permitted from 15 February to the following 
1 September (currently 1 February to 1 September). 
• Application of slurry on arable land is permitted from 1 February to the following 1 August (in 
2009 from 1 February to 15 September for clay and peat and from 1 February to 1 September for sand 
and loess); the end date can be 1 September only in combination with a green cover crop or bulbs 
planted during autumn. 
 
13. The duration of the closed period differs according to the vulnerable zone and crop type. The example given is 
for Vulnerable Zone no. 1 (Esposende-Vila do Conde) 
 
14. The timetable for manure application is according to local practices. 
 
15. Only applies to liquid manures. 
 
16. These differences relate to different regions of Slovenia and the closed period only applies to liquid manures. 
 
17. In Spain the closed period differs among the regions. Galicia, Cantabria and Asturias do not have vulnerable 
zones or closed periods. In other regions closed periods differ among crops and may be related to the sowing 
date of the crop rather than to a fixed point in the calendar. The example given is for Castilla Leon. 
 
18. In the vulnerable coastal zones, the vulnerable zones in the inland areas of the counties of Västra Götaland 
and Östergötland, the vulnerable zones around Lakes Hjälmaren and Mälaren, in the county of Gotland and on 
Öland, livestock manure and other organic fertilizers may be applied from 1 August to 31 October only in growing 
crops or before autumn sowing. Application to catch crops is not permitted. 
 
19. Restrictions apply to slurries and poultry manures (manures with high readily-available N) but not to FYM. In N 
Ireland the restriction does not apply to dirty water. 
  
Closed periods are discussed in section 3.1.3.4 below. 
 
3.1.3.4. Climate 
Although several countries reported that spreading of fast acting organic fertilizers is forbidden on 
frozen soils (frozen period longer than 24 h continuously), and soils covered by snow, few countries 
made allowances for any effects that differences in climate, e.g. amounts or distribution of average 
annual rainfall, might have on crop uptake of manure-N and hence manure-N efficiency. In general the 
only allowance for climate that will affect manure-N efficiency is with respect to the impact of winter 
rainfall on NO3- leaching and in run-off leading to closed periods of manure application in an attempt to 
preclude N losses. 
 
There are three exceptions to this. Ireland report regional differences are categorised based on 
generalised assumptions regarding pollution risk based on soil and climatic factors. Romania takes 
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account of weather data (temperature, rainfall, potential evapotranspiration) provided in a 10’ x 10’ 
longitude x latitude grid using instrumental data from 45 reference meteorological stations as input 
data. While the UK is divided into 3 regions according to annual rainfall and hence over-winter 
leaching risk. No account appears to be taken by any MS of differences in climate during the growing 
season. 
 
With respect to reported manure-N analysis the results do not suggest any trend according to climate. 
There are few data available in the published literature which enable any assessment of the impact of 
specific manure, soil, and climate conditions climate on manure-N efficiency. Such data are 
particularly scarce for central and southern Europe. 
 
3.1.3.5. Application method 
Table 9 below summarises MS replies to the role of manure application method in determining 
estimates of manure-N efficiency.  
 
Table 9. The role of manure application method in determining estimates of manure-N efficiency 
MS Method of 
Application 
 
AT No  
BE (Flan) No Manure must be applied via methods which reduce emissions 
BE (Wall) No  
BG Yes Incorporation increases N fertilizer value. Ploughing should be done immediately 
in order to increase the effect and reduce N losses 
CY No  
CZ  Not reported 
DK Yes Broadcast spreading of liquid manures is not permitted. All manure (solid or liquid) 
applied to bare soil, must be incorporated within 6 h. Liquid manures must be 
injected or acidified to spring-sown crops and fodder grass. Tables 8 and 9 of 
Annex 1 provide detailed information. 
EE No  
FI No  
FR No Manure application methods are recorded but no account of any impact on 
manure-N availability is taken for the N balance calculations 
DE No  
EL No  
HU No  
IE No The assumed N efficiency is deemed constant across all application methods 
IT Yes Greater manure-N efficiency from incorporated than from broadcast manure 
LV No  
LT No  
LU No  
MT No  
NL No All slurries have to be applied using reduced NH3 application techniques.  The N 
efficiency factors are based on the use of these techniques 
PL No  
PT No  
RO Yes Calculations include manure management and manure application methods 
specific to each NVZ. No details are available 
SK No  
SI No  
ES No  
SW Yes How rapid incorporation is taken into account in estimates of available N is unclear 
UK No No account is taken of incorporation in the AP. But in the national fertilizer 
recommendation system (RB209) crop-available N is increased according to 
method of incorporation 
UK NI Yes Incorporation methods which increase manure-N efficiency (as set out in RB209) 
to more than the efficiencies set out in Table 6 of the NI-AP have to show a 
corresponding reduction of the mineral N fertilizer rate and remain within the 
RB209 defined N crop maximum 
 
MS replies on application techniques are considered in the AP, but not for the estimation of manure N 
efficiency. In this report we have used the term 'reduced-NH3 application technique' in preference to 
'low-NH3 application technique'. Reduced-NH3 application technique describes all the approaches, 
including incorporation of solid manures within 24 h, that have been demonstrated to reduce NH3 
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emissions and which have been required or recommended by APs. However, some of these 
techniques only reduce NH3 emissions by moderate amounts, typically by 30% when slurry is applied 
by trailing hose (TH) and by 35% when FYM is incorporated within 24 h. This means that if slurry is 
applied by TH NH3 emissions are typically c. 40% of TAN. And if FYM is incorporated within 24 h NH3 
emissions are typically c. 54% of TAN. Such emissions might not be considered low, although the are 
reduced compared with surface application. 
 
Table 10 below indicates any allowance made for reduced-NH3 application techniques. 
 
Table 10. Reduced-NH3 manure application method 
MS  
AT None 
BE (Flan) Manure must be applied via methods which reduce emissions. Direct incorporation, TH on bare 
land, surface application but incorporation within 2 h 
BE (Wall) Only for slurries and liquid manures. These must be incorporated to the soil during the 24 hours 
after application on soil uncovered by vegetation 
BG None 
CY Application must be followed by incorporation into the soil 
CZ Not reported 
DK Broadcast spreading of liquid manures is not permitted. All manure (solid or liquid) applied to bare 
soil, must be incorporated within 6 hours. Application to crop must be by TH or injection. Liquid 
manures must be injected or acidified to spring-sown crops and fodder grass. 
EE Not required but in fields without vegetation manure must be incorporated into the soil within 48 
hours after spreading 
FI Organic fertilizer applied in the autumn must always be incorporated within 24 hours at the latest, 
preferably immediately, or the field must be ploughed 
FR No requirement other than that required for all MS by the IPPC Directive 
DE Slurry, liquid manure or poultry manure applied to bare land must be mixed into the soil 
immediately 
EL Liquid Manure has to be directly incorporated in soil within 12 h 
HU There are no requirements or recommendations to use reduced NH3 spreading techniques in the 
AP. There is an obligation for the incorporation of manures after application. 
IE None 
IT Incorporation 
LV There are no requirements or recommendations to used reduced NH3 spreading techniques in the 
Regulations. 
LT No account is taken of incorporation to reduce surface run-off or reduced-NH3 emission spreading 
techniques in the AP 
LU None 
MT None 
NL All slurries have to be applied with a reduced NH3 technique.  The N efficiency factors are based 
on reduced NH3 techniques 
PL Organic manures must be covered or mixed with soil by means of tillage not later than next day 
after their use. Slurry and liquid manure must be introduced directly into the soil or applied using 
overflow tubes (hoses). Splash plate can be used only on grassland and permanent crops 
PT Although it is obligatory to bury the slurry and manure within 24 hours, no specific N availability 
factors depending on this practice are established 
RO No specific techniques for reducing NH3 emissions are required. As a general rule manure need to 
be incorporated in soil in 24 hours after application 
SO None 
SI None 
ES Some AP encourage the application of slurry by trailing hoses and injectors to reduce water 
pollution 
SE Livestock manure applied to bare soil in the counties of Blekinge, Skåne and Halland must be 
incorporated within four hours 
UK Detailed tables are provided in the fertilizer recommendations booklet RB209 of the impacts of 
incorporation to reduce surface run-off or reduced-NH3 emission spreading techniques on manure-
N uptake 
UK NI Application of slurry by splash plate is allowed. However, for grasslands the high manure N 
availability for cattle slurry specified in the NI-AP includes N voided by grazing livestock and which 
can exceed 50% of the annual manure production.  The evidence is that manure N availability for 
grazing livestock is low (<10%) so that to achieve a whole farm manure N availability on cattle 
farms of 40% will require the use of reduced emission spreading techniques such as TS. 
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Although many MS require manures to be applied by methods which reduce emissions few actually 
account for greater manure-N efficiency from incorporated than from broadcast manure in their AP 
(Italy, Netherlands, UK). 
 
 
3.1.3.6. Manure type 
Table 11 below reports the data provided on default manure N concentrations. 
 
Table 11.Total ex-storage N in livestock manures, kg/t or kg/m3. Values in italics were derived from the 
RAMIRAN survey of 2002 and used in the absence of any data supplied in APs or CGAPs 
MS 1Cattle 2Pigs Layer Broiler Sheep 
 Slurry Solid Slurry Solid Slurry Solid Solid Solid 
AT 2.3 5.0 10.7 10.5 15.5 26.9 28.3 NA 
BE (Flan) 4.8 7.1 8.1 7.5 9.0 20.1 17.4 8.3 
BE (Wall) 4.4 5.9 6.0 6.0 15.0 22.0 22.0 6.7 
BG 32.8 5.7 33.2 6.4 NA 11.0 6.0 6.0 
CY NA NA NA NA NA NA NA NA 
CZ 2.5 5.0 2.0 6.2 9.6 18.0 19.2 36.0 
DK 4Mod 4Mod 4Mod 4Mod 4Mod 4Mod 4Mod 4Mod 
EE NA 4.6 NA 7.2 NA 15.6 NA 9.3 
FI 5Anal 5Anal 5Anal 5Anal 5Anal 5Anal 5Anal 5Anal 
FR 4.0 5.5 5.0 4.1 7.7 10.8 29.0 NA 
DE 3.8 5.0 3.9 6.0 6Nex 17.5 24.8 4.7 
EL 2.7 5.0 5.9 4.7 12.9 30.7 30.7 NA 
HU 76.0 76.1 73.8 75.0 719.0 NA 723.0 79.2 
IE 5.0 4.5 4.2 4.5 13.7 23.0 11.0 810.2 
IT         
LT 4.3 5.8 3.4 6.3 NA 21.0 27.6 5.4 
LT 4.4 4.9 6.7 NA NA NA NA NA 
LU 4.1 4.6 5.3 7.6 NA NA NA 8.6 
MT         
NL 4.2 6.3 6.8 10.8 10.4 24.1 32.6 8.3 
PL 4.2 5.5 4.5 6.0 NA NA NA 0.7 
PT 4.5 5.5 6.0 9.0 NA 14.0 NA 5.5 
RO 5.7  6.0  NA NA 24.0 6.4 
SK 3.0 4.2 5.0 NA 10.0 10.0 10.0 7.6 
SI 4.0 4.0 5.0 4.5 18.0 18.0 18.0 5.0 
ES         
SW NA NA NA NA NA NA NA NA 
UK 2.6 6.0 3.6 7.0 NA 19.0 30.0 6.0 
UK NI         
RAMIRAN, Research Network on Recycling of Agricultural and Industrial Residues in Agriculture. 
1Dairy cattle, where different types of cattle are indicated. 
2Finishing pigs, where different types of pig are indicated. 
NA, not available from MS. 
3Diluted slurry.  
4The N production ex-storage is calculated annually using N flow approach. 
5Must be analysed every 5th year (table values can be used when analysis is not available). 
6Manure-N concentrations are given by the recommendations of the competent agricultural advisory authorities. 
Taken from basisdaten 
7Ann. N content of fresh manure is given for the production of 1 animal per year. 
8Slurry 
 
There is considerable variation in manure N analysis among MS presented in Table 11. Expressed as 
kg/t the N content of cattle slurry is reported to range from 2.3 to 6.0 (mean 3.9 kg/t). The N 
concentration of slurry increases with increasing dry matter content and so might be expected to be 
greater in drier or warmer countries. However, the results do not suggest any trend according to 
climate. The mean N concentration of pig slurry tended to be greater (mean 5.4, range 2.0-10.7 kg/t). 
Again there was no obvious trend among countries. The differences in concentration are likely to have 
arisen from differences in diet and the ways in which manure is handled.  
 
There was somewhat less variation among MS in the reported N content of cattle FYM (4.4-7.1, mean 
5.3 kg/t). For pig FYM too there was less variation than reported for pig slurry (4.1-10.8, mean 6.0 
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kg/t). Reported analysis of layer manure ranged from 10.0 to 30.7 kg/t, with a mean of 18.7 kg/t. 
Reported analysis of other poultry manure ranged from 6.0 to 32.6 kg/t, with a mean of 21.5 kg/t. 
 
Manure N efficiency for different manure types: 
 
Cattle slurry 
There is a large range in the reported manure N efficiency of cattle slurry in the season of application:  
o Belgium Flanders, Czech Republic, and the Netherlands (60%).  
o Estonia, Latvia and Germany (50%).  
o Ireland, Lithuania, and UK (20-40%).  
o Italy (24-62%) and Spain (40-70%) have a large range.  
o Sweden calculates N efficiency from the NH4+, urea and NO3- content, corrected for gaseous 
N losses.  
 
Pig slurry  
Most countries use the same values as for cattle slurry, except Denmark (pig 75% and cattle 70%), 
Germany (pig 60% and cattle 50%), Ireland (pig 35-70% and cattle 30-40%), Netherlands (pig 60-70% 
and cattle 60%) and UK (N efficiency for pig slurry is about 5-10% greater than for cattle slurry). 
 
Solid manure 
The N efficiency of solid manure in the season of application is, as expected, less than that of slurry, 
but still there is a large variation, ranging from 10% for the UK to 40-55% for the Netherlands and 45-
65% for Denmark. The N efficiency for solid manure for the other countries range from 20-40% (i.e. 
Belgium Flanders, Czech Republic, Estonia, Germany, Ireland, Latvia, Lithuania, Spain, Slovak 
Republic, and UK-Northern Ireland). Hungary uses various values depending on quality of solid 
manure, yearly application, and soil conditions. 
 
Conclusion: There is large variation in manure-N efficiency coefficients for the same manure type 
between MS. The cause of these differences (climate, soil, composition of manure, legislation) and the 
underpinning of the values (rough estimated or underpinned by scientific studies) are further assessed 
below. Most countries consider only the availability in the first year. 
 
3.1.3.7. Time-lag in manure availability 
Only the following countries take explicit account of manure-N which becomes available to crops in 
subsequent seasons. 
 
• Bulgaria, 40% first year, 30% second year, 20% third year and 10% fourth year (response 
from MS in Annex 2). 
• Denmark, residual N taken into account for up to 10 years. Additional uptake over 10 years 
may be 14, 8 and 24% for cattle slurry, pig slurry and solid manure respectively.  
• Estonia, for solid manure two years: 25% in year 1 and 10% in year 2,with no residual effects 
of liquid manure.  
• Italy, the availability of N in solid manure applied in the previous year, equal to a minimum of 
30% of the N contributes to N uptake in the following year. 
• The Netherlands, does not take long-term efficiency into account in the AP, but estimates are 
available.   
• Slovakia, the estimated % uptakes in year 2, at 20% for all manure types, are large in relation 
to the first year uptakes (30-50%). And, unlike the values used in some other countries, these 
are not consistent with reports indicating an inverse relationship between first and subsequent 
year uptake. 
• Sweden, standard values are available on the long-term N effect (kg N/ha) of livestock manure 
after at least 30 years’ livestock farming (Annex 1, Table 34). 
 
The subject of longer term release of manure-N is reported in detail in section 3.2.2 below. 
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3.1.3.8. Regional differences within MS 
Very few countries report regional differences within MS although some countries use modelling 
systems which take account of regional and local factors. 
 
• In Bulgaria the autumn/winter closed period for the application of organic manure with high 
readily available N on tillage land is from 1 November to 31 January for  North Bulgaria, and 
15 November to 31 January for Southern Bulgaria. Although this measure is aimed to prevent 
NO3- leaching it will have an impacts on manure-N efficiency via the reduction of leaching 
losses. 
 
• In France closed periods are defined at departmental level and for each combination of 
manure/crop type. 
 
• As indicated above, in Ireland there are four regions based on generalised assumptions 
regarding pollution risk based on soil and climatic factors. 
 
• The model used in Romania estimates location-specific recommendations. 
 
3.1.3.9. Commonalities among MS 
• Broadly similar estimates of manure-N availability among manure types, availability decreased 
in the order: Pig slurry > cattle slurry > poultry manure > FYM. 
 
• Many MS allow autumn application of FYM but autumn application is forbidden for slurries and 
poultry manure by several MS.  
 
3.1.3.10. Reasons for commonality among MS 
Similar estimates of the relative availability of different types of manure are to be expected since 
manures will be broadly similar wherever the livestock are raised. Litter-based FYM will tend to have a 
smaller proportion of available N due to some of the TAN being immobilized in high C:N ratio litter. 
Hence the widespread practice of allowing application of FYM in autumn, due to the small proportion 
of TAN and hence limited capacity for NO3- leaching. Nevertheless, while the risk of NO3- leaching is 
limited compared with slurry there is still a risk of water pollution following autumn application of FYM. 
3.1.3.11. Reasons for differences among MS 
It is very difficult to identify systematic reasons for the differences in estimates of the proportions of 
manure-N available for crop uptake among MS. Clearly some countries have carried out considerable 
research to assess the agronomic values of different types of manure. However, among such 
countries differences in the estimates of crop available N in national AP or CGAP may be due less to 
differences in research findings and more to do with differences in the beginning and end of closed 
periods for manure application. For example, the UK publishes clear differences in the available N 
according to the time of manure application, in particular between manures applied in spring and in 
autumn. Denmark and the Netherlands, two countries where considerable study has been made of the 
agronomic value of manure, make no such distinction. Since autumn applications of slurry and poultry 
manures are no longer allowed in those countries. 
 
A further difficulty in accounting for the source of differences is that some countries derive region or 
site-specific assessments of crop available N from models, e.g. DEXEL in France (Manneville,  2006) 
(it should be noted that the use of the DEXEL model is not obligatory), ROMPEIL in Romania, and 
details of the workings of those models are not readily available. 
 
• One conclusion that may be made is that there does not appear to be any systematic variation 
across the EU that can be related to climate.  
 
It is not obvious that standard default national estimates of crop available N differ consistently between 
the cooler northern MS and the warmer Mediterranean MS or between the wetter maritime MS and 
those MS with a continental climate. There may be two reasons for this. The first is that by far the 
most significant driver for differences in crop N availability is the time of manure application in relation 
to the period of over-winter soil drainage and hence NO3- leaching: manures applied in autumn will 
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lose much or all of their crop available N by leaching while those applied in spring will not. Since the 
maritime MS have closed periods starting in autumn for the application of those manures which 
contain large proportions of crop available N (slurries and poultry manure) these manures are only 
applied in spring ensuring the crop available N will be available. While there is variation in the 
proportions of manure-N available for crop uptake, as indicated in Table 4 above, there is a 
reasonable agreement among MS in the proportions of crop available N in each type of manure. 
Hence current AP are leading to a degree of harmonisation across the EU of the manure efficiency 
factor. 
 
The major differences among MS are in the lengths of the closed periods and the extent to which 
closed periods differ for grass and arable crops. Figure 3 attempts to present the duration of closed 
periods by grouping countries according to climate by ordering them on a north-south/west east basis. 
Insofar as any geographical trends exist the figure suggests countries with the coldest winters end 
their closed periods latest although the late ends of the closed periods in Italy and Malta contradict this 
suggestion. There is also a suggestion that countries with maritime climates have closed periods that 
begin earliest. The closed periods for Ireland and Northern Ireland appear to contradict this 
conclusion, but land use in those countries is dominated by grassland and the closed periods for those 
two countries are similar to that applied in the UK for grassland on soils other than light soils. 
However, these current closed periods are not necessarily the most appropriate to reduce N leaching 
and in several MS closed periods are under review by the MS in discussion with the Commission. 
 
 
Member State Jul 16-31 Aug 1-15 Aug 16-31 Sep 1-15 Sep 16-30 Oct 1-15 Oct 16-31 Nov 1-15 Nov 16-30 Dec 1-15 Dec 16-31 Jan 1-15 Jan 16-31 Feb 1-14 Feb 15-28 Mar 1-15 Mar 16-31 Apr 1-15 Apr 16-30
Finland
Sweden
Estonia
Latvia
Lithuania
Poland
Denmark
Slovak Rep
Czech Rep
Germany, T
Germany, G
Netherlands, T
Netherlands, G
UK, T, light
UK, T, other
UK, G, light
UK, G, other
UK NI
Ireland
Bel Fland
Bel Wall, T
Bel Wall, G
Lux, T
Lux, G
France, Brittany By Dept
Hungary
Austria
Slovenia, T
Slovenia, G
Romania NA
Bulgaria, T
Bulgaria, G
Portugal
Spain, T By 
Malta, T
Malta, G
Italy
Greece
Cyprus NA  
Figure 3. Closed periods in the MS. T = tillage land (maroon bars), G = grassland (dark green). Where 
a single bar (light green) is presented there is a single closed period for tillage and grassland. The 
closed period for grassland in Spain is related to grass growth and not to the calendar. 
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3.2. CHAPTER 2. REVIEW CURRENT ESTIMATES OF MANURE-N 
AVAILABILITY 
In 2007 c. 9,100 kt of the N in livestock excreta deposited in and around buildings were collected as 
manure in EU-27. Oenema et al. (2007) estimated that c. 50% of this manure N was lost to the 
environment. The greatest of these losses (38%) was as NH3 emissions, with c. 19% lost from 
buildings and stores and another 19% of the N excreted in housed livestock systems as NH3 
emissions following the application of the manure to land. Other losses were via emissions of NO, N2O 
and N2 (7%) and 4% via leaching and runoff. The results indicate that c. 52% of the N excreted in 
livestock was potentially recycled as a plant nutrient. Differences between MS in mean N losses 
(mainly as NH3) from manure stores were large (range 19.5–35%). Hence since these losses of 
manure-N are dominated by losses as NH3 it would appear the most effective means of increasing 
manure-N efficiency will be by means of reducing NH3 emissions. 
 
3.2.1. Short term (growing season following application)  
3.2.1.1. Characteristics of manure-N, used to estimate availability to crops and vulnerability to 
losses by leaching 
Nitrogen availability will depend on manure composition. Manure-N is mainly present as NH4-N and 
organic N, but in composted manures, N can also be found as NO3-. The mineral N (NH4-N and NO3-) 
is directly available to plants whereas the organic N must be mineralized to become plant available. 
Part of the organic N is mineralized within days after application to soil, while another part only 
becomes available after months or years, as a result of variable decomposability of the organic 
compounds. Part of the mineral manure N is immobilized in microbial biomass following application to 
land and a part of this immobilized N is later stabilized in organic compounds in microbial residues.   
 
Sometimes recommended manure application rates are based solely on the total N (or total P) content 
of a given manure. More usually the NH4+-N in manure is taken as the fraction of manure-N available 
for crop uptake in the year of application (Olesen et al., 2004). The C:N and NH4+:organic N ratios of 
applied manures used as soil amendments have also been used as potential predictors of crop-
available N because these properties influence N immobilization and mineralization (Beauchamp and 
Paul, 1989). Short term (growing season following application) programs that calculate manure 
application rates generally assume that 100% of the NH4+-N and some percentage (0-50%) of the 
organic N become available for plant uptake during the growing season immediately following 
application (Thompson et al., 1997). There are few data available to support these assumptions, 
however, especially under specific manure, soil, and climate conditions. Such data are particularly 
scarce for central and southern Europe. The application of manures in those regions to soils which are 
potentially warmer and drier in spring might affect crop N uptake from manures due to lesser mobility 
of NH4+ ions in drier soils or through impacts on mineralization of labile organic N.   
 
Different studies have demonstrated that short-term N release from organic fertilizers, varies greatly 
from 0% (some composts) to nearly 100% (urine) (Whitehead et al., 1990). Although some authors 
established the most important indicators to be used for predicting the short-term availability of N are 
the N mineral content as NH4-N or NO3-N, C:N ratio (especially of the decomposable organic fraction), 
and stability of the organic substances (Webb et al., in press).  
 
These parameters and their dynamics will be affected by different factors, moisture, temperature, 
livestock type and diet or different processes that can be used for manure treatment. Other factors 
affecting N availability are the processing steps before organic fertilizers are applied in the field. 
Composting reduces the mineral-N content and increases the stability of the organic matter, whereas 
anaerobic digestion increases NH4+-N content as well as the stability of organic matter, but decreases 
the C:N ratio considerably, resulting in a product with a large proportion of directly available N (Gutser 
et al., 2005). The range in the proportions of crop available N is illustrated below in Table 12 
(Chambers et al., 1999 - who refer to readily available N). This readily available mineral N ranges from 
70% (separated slurry ) to 10% for 'old' cattle manure. 
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Table 12. Default manure analysis, fresh weight basis (Chambers et al., 1999) 
Manure type Dry matter % Total N kg/t RAN*, kg/t RAN, % of total N 
Cattle FYM, fresh 25.0 6.0 1.5 25 
Cattle FYM, old 25.0 6.0 0.6 10 
Pig FYM, fresh 25.0 7.0 1.8 25 
Pig FYM, old 25.0 7.0 0.7 10 
Layer manure 30.0 15.0 7.5 50 
Broiler/turkey litter 60.0 29.0 11.6 40 
Dairy slurry 6.0 3.0 1.5 50 
Beef slurry 6.0 2.3 1.2 50 
Pig slurry 4.0 4.0 2.4 60 
Separated slurry, strainer box 1.5 2.1 1.5 70 
Separated slurry, weeping wall 3.0 2.0 1.4 70 
Mechanically separated slurry 4.0 3.0 1.5 50 
Separated slurry solids 15.0 5.0 1.0 20 
Liquid undigested sewage sludge 5.0 1.8 0.6 30 
Liquid digested sewage sludge 4.0 2.0 1.2 60 
Undigested sludge 25.0 7.5 1.5 20 
Digested sludge cake 25.0 7.5 1.1 15 
*Readily available N, NH4-N plus uric acid 
 
3.2.1.2. Short-term mineralization of organic-N 
Available-N is not limited to the mineral fraction of N. It also includes the easily mineralizable N that 
can be released during the growing season. Hence, we may also consider as short term available N  
the N that is released  during the first year after application.  
 
Several studies have reported the mineralization rate during the first year, some of these results have 
been utilized in the AP. However, when the different APs are reviewed, it can be observed that most of 
them do not take fully into account the available N nor the factors affecting that availability.  
 
When a review on available N in the first year is done it can be observed that the mineralization rate is 
quite different depending on the country and on the study conditions.  
 
Thus, van Dijk et al. (2004) report a N availability for dairy cattle slurry of 24% of total N in Netherlands 
while the Slovak mineralization rate for the same kind of manure is of about 50%. The explanation for 
this difference is not obvious and it may have arisen from the application of a uniform assessment 
approach to estimates of available N determined by different means.  
The Netherlands values (all as % total N) are: 
• Cattle slurry on grassland (whole season): 24%. 
• Cattle slurry on arable land: 30%. 
• Pig slurry on grassland (whole season): 24%. 
• Pig slurry on arable land: 45%. 
• Poultry  manure on grassland (whole season): 56%. 
• Poultry  manure on arable land: 45%. 
   
Table 13. Dynamics of Nutrient Availability (% total N) from the Slovak AP. (These estimates include 
mineralization of organic N)  
Fertilizer 1st year 2nd year 
 N P K N P K 
Livestock manure 30 25 40 20 20 35 
Cattle slurry 50 25 40 20 10 20 
Pig slurry 50 25 40 20 10 20 
Poultry manure 50 25 40 20 10 20 
Poultry droppings 30 25 40 20 20 35 
dund water 60 - 80 - - - 
Compost from livestock manure or biomass 30 25 40 20 20 35 
Straw from pulses and oilseeds 40 40 50 20 20 30 
Straw from cereals and maize 30 30 40 20 20 30 
 
Other countries provide values that are similar to those provided by Slovak CGAP as is observed from 
the CGAP of Belgium (Flanders). 
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Chadwick et al. (2000) found that only 2% of the organic N in one sample of dairy slurry was 
mineralized within 199 days of application, whereas 19% was mineralized from another sample of 
dairy slurry. Nitrogen availability was related to C:organic N ratios, which were 10 and 15, respectively. 
Generally, organic materials with a ratio >15 will immobilize N, and those with ratios < 15 will release 
N.  
 
It is very difficult to measure mineralization of organic-N, and hence any reported variation in 
measured rates may also be related to experimental methods. Nevertheless, this wide range of 
mineralization values is consistent with the known effects of environmental conditions on 
mineralization rate. Thus, many authors have established how the mineralization rate is affected by 
parameters such as temperature and soil water content, since these parameters affect most of the soil 
biological processes that give rise to mineralization. These studies show a lesser mineralization rate 
for lower temperature and lower moisture (Table 14) and agree with the findings of Van Kessel and 
Reeves (2002) who, after studying 107 dairy slurries, reported a highly variable range in their N 
mineralization characteristics, from a net mineralization of 54.9% to a net immobilization of 29.2% of 
the organic N. 
 
Table 14. Mineralized 15N recovered from various labelled dairy manure components over all 
temperatures at day 168. All values are % of applied 15N. From Cusick et al., 2006. 
Temperature °C Urine Faeces Bedding All 
11 44 13 15 24 
18 60 18 24 30 
25 63 26 25 36 
Pt>F 0.054 0.003 <0.001 0.088 
LSD, 0.05 16.2 5.7 3.5 10.4 
F = probability 
LSD = least significant difference 
 
Moreover, different manure application techniques give rise to differences in N recovery as reported 
by Ball et al. (2006) who found a greater N recovery with injection systems (59%) than (41%) for top 
dressed applications of manure. 
 
With the aim of optimising manure utilization, assessing the correct dosage and coupling it with crop 
requirements, several authors have developed models to simulate the N release during the year, e.g. 
MANNER (Chambers et al., 1999). These models consider different factors in order to estimate N 
availability, from the simple model of Beauchamp and Paul (1989) for predicting manure N availability 
in the field, that divides the manure N content into ammonium N (NH4 -N) and organic N, to others that  
have developed mathematic equations of N availability that calculate the relationship between N 
release and time as a polynomial (cubic) (Azeez and Averbeke, 2010). The release phases were:  
• initial rapid N release at 0-30 days;  
• phase of constant release; 40-55 days;  
• decline phase in N release 70-90 days;  
• sharp decrease in N release at 120 days.  
 
In conclusion we can state that:  
• The short term N availability varies greatly depending on: livestock type; production system; 
application techniques; temperature; moisture, being favoured by warmer and wetter 
conditions.  
• Generally, organic materials with a C:organic N ratio >15 will immobilize N, and those with 
C:organic N ratios < 15 will release N. 
• Mineralization is less at lower soil temperatures and moisture contents. 
 
The values recorded in the revised papers fit well with those reported by Gutser et al. (2005) that can 
be seen in figure 4. 
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Figure 4. Mineral fertilizer equivalents for several organic fertilizers in the year of application. Figure 5 
in Gutser et al., 2005. 
 
3.2.2. Longer term mineralization of organic-N 
Just after application of manure to soil, a significant N turnover takes place, with mineralization and 
immobilization occurring simultaneously; net N mineralization is the difference. During the first days, 
immobilization is normally greater than mineralization and the initial N immobilization is significantly 
influenced by the concentration of decomposable organic compounds such as volatile fatty acids in 
the manure (e.g. Kirchmann and Lundvall, 1993). Part of the immobilized N is re-mineralized within 
some weeks whereas a part of it is stabilized in soil (Sørensen and Amato, 2002). After 8-12 weeks, 
net mineralization of slurry N is often close to zero, but both positive and negative net mineralization 
can be observed depending on slurry composition and soil type (Bechini and Marino, 2009). The net 
mineralization is influenced by the time of decomposition, soil temperature and by the C:Norg ratio 
(Chadwick et al., 2000; Burger and Venterea, 2008).  
 
Organic N Ammonium
(NH4)
Nitrate
(NO3)
Ammonia
volatilization
Denitrification
(N2 and N2O)
Leaching
Mineralization/
Immobilization
 
Figure 5. The most important N transformations and losses after application of animal manure to soil. 
 
Organic manures may give rise to residual N effects after the year of their application (e.g. Daudén et 
al., 2005; Schröder et al., 2005a). Furthermore, N immobilization after application can occur, leading 
to an enrichment of the soil N pool and this effect has been recorded by Gutser et al. (2005) and 
Sorensen and Amato (2002). Long-term experiments show that part of the manure N is released very 
slowly (after 50-100 years). Because residual N effects are relatively small, even in the year after 
application, it is difficult to measure these effects. However, the accumulated effect of repeated 
manure application can be significant and should be accounted for in fertilizer planning (Schröder et 
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al., 2007). Generally the residual effect is greatest for manures containing a large proportion of organic 
N. As the mineralization of N in soil takes place through most of the year, the residual effect is greatest 
in crops with a long growing season (Sørensen and Amato, 2002); vice versa, losses of N are greater 
in crops with short growing season. 
 
Long-term N fertilization affects soil organic N reserves, N mineralization potential, and crop response 
to applied N, but little information is available on the influence of short-term N fertilizer management 
on soil organic N availability and crop response. 
 
It also needs to be taken into account that it is a common practice for farmers to repeatedly apply 
manure to the same fields. To accurately assess the total plant availability of manure nutrients, it is 
necessary to account for the nutrients remaining in soil from previous manure applications. The 
amount of residual N that will be released during following years will increase the risk of excess N 
application if not accounted for when deciding on N fertilizer application rates. The long-term, as well 
as short-term, mineralization is affected by different parameters such as temperature, moisture, type 
of livestock manure, timing (Beckwith et al., 2002) and mineral-N fertilizer use.  
 
Thus, Cusick et al. (2006) reported that second-year availabilities after a single manure application 
using the N fertilizer equivalence, difference, and relative effectiveness methods were estimated to be 
12, 8, and 4% of total manure N applications, respectively. Estimates of third-year availability by these 
methods were 3, 1, and 5%, respectively.  
 
Published models account for manure N mineralization during only the first 3 or 4 years following 
application. Mineralization during subsequent years is assumed to be negligible. Some authors 
however, have demonstrated that long-term repeated applications of manure can lead to a residual N 
effect and that, cumulatively, these small contributions could have a large impact on the total N 
availability in a long-term period (Schröder, 2005; Berntsen et al. 2007; Mallory and Griffin, 2007). 
 
Thus, the long-term effects of organic fertilizers through the slow release of N have to be considered 
to enable optimization of fertilizer use. In fact, if we consider the long term period, the recovery of N is 
greater for more recalcitrant compounds than for readily available components as urine (from 45% for 
urine-N to 72% for faecal-N (Hoekstra, 2011) due to the slower release of N that enables crop 
recovery in later seasons. 
 
A number of simple models have been described to estimate the residual effects of manure N (e.g. 
Klausner et al., 1994; Schröder et al., 2007; Petersen and Sørensen, 2008). In Table 15 an example 
of model-estimated residual N effects under North European conditions is given.  
 
Table 15. Residual nitrogen effects of a single and repeated manure applications given as mineral 
fertilizer replacement values (% of annual total N application). Model calculation from Petersen and 
Sørensen, (2008). 
Manure type Repeated manure applications 
  1 year 2 years 10 years 
Cattle slurry 3-5% 5-7% 9-14% 
Pig slurry 2-3% 3-5% 6-8% 
Solid manure 5-8% 7-13% 12-24% 
 
Studies of cattle slurry from 1997 to 2003 in the Netherlands to quantify the residual N effect revealed 
that N yields could be satisfactorily predicted with a simple N model by adopting an annual relative 
decomposition rate of the organic N in cattle slurry of 25–33% (Schröder et al., 2005). Subsequent 
model calculations indicated that the relative N fertilizer value (RNFV) of cattle slurry increases from 
approximately 55–60% in the season following application to a total of approximately 80% after 6 and 
8 years depending upon whether an RDR of 33% or 25% respectively was used. The greater the RDR 
the shorter the time over which organic N is released.  
 
Schröder et al. (2007) reported that dry matter yields and N offtake of cut grassland responded 
positively (P<0.05) to both current manure applications and applications in previous years, whereas 
mineral fertilizer-N increased yields only in the year of application. Nitrogen offtake could be 
reasonably well predicted with a simple N model, adopting an annual relative decomposition rate of 
the organic N in manure of 0.10–0.33 year−1 during the year of application and 0.10 year−1 in the 
following years. Subsequent model calculations indicated that the NFRV of injected undigested cattle 
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slurry increased from 51–53% when slurry was applied for the first time, to c. 70% after 7–10 yearly 
applications, whereas it took two to four decades of yearly applications to raise the NFRV of surface-
applied FYM to a similar level from an initial value of 31%. Given the long manuring history of most 
agricultural systems, rethinking the fertilizer value of manure seems justified (Schröder et al., 2005). 
The results also imply that the long-term consequences of reduced N application rates may be 
underestimated if manuring histories are insufficiently taken into account. This was also the conclusion 
of Shepherd (1993). 
 
We conclude that: 
• While residual N effects are relatively small, even in the year after application, the 
accumulated effect of repeated manure application can be significant and should be 
accounted for in fertilizer planning.  
• The N availability over the long term will be affected by the multiple parameters of manure 
type and composition, environmental parameters (moisture and temperature), application 
technique  and timing. 
• In the years following the season of application the recovery of N is greater for more 
recalcitrant compounds than for readily available components as urine (from 45% for urine-N 
to 72% for faecal-N due to the slower release of N that enables crop recovery in later 
seasons).   
• Most authors reported only small percentages of N availability for successive years most of 
them being c. 2-3% of extra N available per year reaching average values from 60 to 80% for 
the total N recovery in a 6 to10 year period. 
 
3.2.2.1. Accounting for longer term mineralization of organic-N in APs 
However, the manure-N efficiency values of manures used in AP, are commonly based on N 
estimated to be available during the first growing season only (e.g. Gutser et al. 2005; Reijs et al. 
2007). If N provided through earlier applications is not accounted for, manured crops may thus receive 
too much N (Schröder et al., 2007). Schröder et al. (2007) reported that manures with a relatively large 
proportion of available-N for the first crop after application (e.g. anaerobically-digested slurry) had a 
relatively small residual N effect, whereas manures with little N available in the first year after 
application (e.g. FYM) partly compensated for this by showing larger residual effects. However, 
measuring available-N in manures is easier and gives more consistent results than estimating the 
availability of organic-N in future seasons.  
 
We made estimates of the mineralization of organic-N assumed by MS in AP or CGAPs using a 
simple conceptual model. In short the following data were entered into a calculation spreadsheet: 
 
• The N concentration of each manure type, as kg/t or kg/m3. 
• The fraction of total N as TAN. 
• The appropriate NH3-N emission factor following application of manure was taken from the 
GAINs model (% of N applied). 
 
The calculations were made as follows: 
• The total manure-N (kg/t or kg/m3) was multiplied by the TAN fraction to give the TAN 
available (kg/t or kg/m3). 
• The estimate of NH3-N loss is subtracted from the estimate of TAN available in the manure to 
create an estimate of the amount of N remaining for crop uptake. 
• The TAN remaining following application to land and subsequent emissions of NH3-N was 
taken as 1.00, i.e. equivalent to mineral fertilizer N.  
• The amount of manure N considered available for crop uptake was estimated as the product 
of total manure-N and the manure-N efficiency fraction.  
• This product, minus the TAN remaining after NH3-N emission gave the amount of organic N 
considered to be mineralized.  
• Hence dividing this value by the amount of organic N in the manure gave the implied 
mineralization factor. 
 
Due to the incomplete nature of the data available, the simple conceptual model could only be applied 
to estimates of manure-N efficiency in a few countries. These were: 
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• Austria 
• Belgium (Flanders) 
• Estonia 
• Germany 
• Greece 
• Lithuania 
• Luxemburg 
• Netherlands 
• Portugal 
• UK 
 
In the case of Denmark the model could not be applied as manure-N analysis is determined by site-
specific modelling. In Finland manure characteristics are to be determined by analysis while in France 
the behaviour of manure-N is determined by the C:N ratio. 
 
A summary of the analysis is presented in Table 16 below. 
 
Table 16. Calculated mineralization factor of manure organic-N in the season following manure 
application.  
MS Cattle 
slurry 
Cattle 
FYM 
Pig slurry Pig FYM Layer 
Manure 
Broiler 
manure 
Sheep 
manure 
Austria 0.58 0.17 0.45 0.14 0.28 0.39 NA 
Bel (Fland) 0.60 NA 0.39 NA NA NA NA 
Estonia NA 0.45 NA 0.45 0.45 NA 0.35 
Germany 1.06 0.84 0.52 0.72 0.50 0.42 NA 
Greece -1.05 0.22 0.15 0.21 -1.99 0.24 NA 
Lithuania NA 0.31 NA NA NA NA NA 
Luxemburg 0.40 0.40 0.50 0.40 NA NA NA 
Netherlands 0.47 0.40 0.56 0.61 0.62 0.61 NA 
Portugal 0.79 0.64 1.00 0.50 0.33 0.50 0.25 
UK 0.22 0.08 -0.18 0.19 0.26 0.40 0.12 
        
Mean* 0.51 0.39 0.51 0.41 0.41 0.43 0.24 
*Means ignore any negative numbers or numbers >1.0 
 
Negative values imply immobilization of TAN. For Greece the implied immobilization is due to the very 
large TAN fraction (0.78) for cattle slurry and layer manure which also has a very large TAN fraction 
(0.83). Large estimates of mineralization were estimated for Portugal due to the large values used for 
crop available N. In the case of Germany the mineralization factor of >1.0 for cattle slurry implies no 
account is taken of NH3 or other losses when estimating crop available N. The small estimates for UK 
are due to the estimates of manure available N being relatively small. While there is variation among 
the results, and this variation is likely to have arisen from a compounding of differences in the input 
data on the fractions of TAN and crop available N, the average results indicate an order consistent 
with experimental results. The mineralization of organic N in the season after application is greatest for 
slurries and least for straw based manures from ruminant livestock. 
 
We conclude that:  
• Making accurate allowance for the available-N in manures when deciding how much (if any) N 
fertilizer needs to be applied, is more certain for those manures with a large proportion of 
available-N, and hence approaches to increasing the proportion of available-N should 
increase the efficiency with which manure-N can be used. 
 
3.2.3. Factors affecting the plant availability of manure N  
The availability of manure N is influenced both by the chemical composition of the manure and by N 
losses that occur before and after application in the field. The chemical composition of the manure is 
influenced by livestock species, feed composition, additions to the manure such as bedding material, 
chemical transformations during storage (including losses of N in buildings and storage) and with 
some manure management systems, the partitioning of urine and faeces into solid and liquid manure 
fractions. Chemical composition can also be influenced by manure treatment. 
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3.2.3.1.Crop-available N  
Crop-available N is the mineral N that is available for uptake by the first crop after application. This 
includes mineral N that remains after accounting for any losses of N but also includes N released by 
mineralization from organic forms. The proportion of mineral-N available for crop uptake is dependent 
on N losses (NH3 and N2O emissions, N2 losses, NO3 leaching and surface runoff) following 
application to land (Figure 5) and this is influenced by manure application technique (e.g. 
implementation of NH3 abatement techniques), time of application, weather conditions, soil type, etc.  
 
3.2.3.2. Length of growing season 
The length of the growing season influences the manure N that is available to the first crop due to the 
continued mineralization of organic manure N. For crops with a long growing season, a greater 
availability of manure N is expected. Studies with 15N-labelled manures have shown an uptake of 1.5-
6% of the labelled manure N in ryegrass cover crops following the spring barley crop to which the 15N-
labelled manures were applied (Olesen et al., 2004). Based on this, Petersen and Sørensen (2008) 
estimated the additional mineral fertilizer replacement value in crops with a growing season which 
extends into the autumn, such as beets, maize and grassland, to be equivalent to 2-5% of the total 
manure N applied, depending on the proportion of organic N in the manure (North European 
conditions). 
 
3.2.3.3. Effects of feeding, bedding and storage 
The feed composition influences the relation between excreted urine and faeces N and also the 
availability of manure N. While this report is focussed upon the N content of manures ex-storage, 
changes in composition due to feeding are likely to be maintained throughout the manure 
management cycle. Important factors are the protein and fibre composition of the feed (Canh et al., 
1998; Paul et al., 1998; Sørensen et al., 2003, Sørensen and Fernandez, 2003). Most of the urine N is 
urea while most of the faeces N is in the organic form. During the period the slurry is in livestock 
buildings and manure storage, a significant part of the organic N is mineralized to TAN. The 
mineralization of organic N in stored slurry can vary from 10-80% and is influenced by livestock 
species, feeding, storage temperature and time (Sørensen, 1998; Sørensen et al., 2003; Sommer et 
al., 2007). A net faecal N mineralization of 30-40% during slurry storage is considered to be typical 
(Petersen and Sørensen, 2008). About 90% of the urine N has been reported to be converted to NH4+ 
during anaerobic storage (Sørensen et al. 2003). This assessment is based on measurements under 
laboratory conditions and storage for about 20 weeks at 10-15°C. It was assumed that 90% of urine N 
is mineralized. This gives about 30% mineralization of cattle faeces N and 40% of pig faeces N during 
manure management (including TAN in excreted faeces) (Sørensen, 1998; Sørensen and Fernandez, 
2003; Sørensen et al., 2003). 
 
Despite the turnover of N during storage of slurry under anaerobic conditions in livestock buildings and 
manure stores, the time spent in storage appears to have no detectable effect on the plant availability 
of N, provided losses are insignificant (Sørensen, 1998; 2003). This is possibly because a significant 
proportion of the readily-decomposed organic N is rapidly mineralized in both storage and in the soil. 
 
Bedding material 
Bedding materials such as straw have a high C:N ratio and they cause significant N immobilization in 
soil, thus reducing the N availability of manure N (Kirchmann, 1985; van Faassen and van Dijk, 1987). 
If solid manures (FYM, deep litter) are composted, increasing the straw content of the manure 
increases the N immobilization and may also result in reduced NH3 emission during composting 
(Kirchmann, 1985). During storage of slurry and solid manure under anaerobic conditions, bedding 
straw causes no N immobilization but after application to soil, the straw causes significant 
immobilization and a reduced N availability (van Faasen and van Dijk, 1987; Kirchmann, 1989; 
Sørensen, 1998).   
 
3.2.3.4. N loss from housing and storage 
Gaseous losses from both livestock houses and storage occur by NH3 volatilization, nitrification and 
denitrification; in addition, leaching losses may occur from solid manures. In practice nitrification and 
denitrification losses are generally very small from buildings and stores where manure is handled as 
slurry, but can be large from litter-based manures. These losses mainly derive from TAN in manure, 
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and by reducing the proportion of TAN in the manure the relative N availability is also reduced. The 
EMEP/EEA Tier 2 default estimates of N emissions from livestock buildings are 12% from buildings 
housing cattle and 17% from pigs. Actual emissions will depend on the building type and manure 
management, and greater losses can be expected under conditions with higher temperatures. 
 
During storage of slurry, significant NH3 losses occur. Under North European conditions Sommer et al. 
(2006) estimated yearly losses of 6-30% of total N from uncovered stores. However, losses can be 
reduced by more than 80% by coverage of the slurry store to a level of 1-3% loss of total N (Sommer 
et al. 2006). 
 
From stored solid manures, total N losses of up to 50% from pig manure and 30% from cattle manure 
have been reported (Petersen et al., 1998; Chadwick, 2005; Petersen and Sørensen, 2008), but on 
average losses are less: 15% for cattle FYM and 31% from pig FYM (Webb et al., in press). Hansen et 
al. (2008) assessed an average N emission of 15% of total N from uncovered solid cattle manure, 
10% from uncovered cattle deep litter, and 40% from solid pig manure by more than 100 days storage 
under North European conditions. Losses from solid manure occur by NH3 volatilization, nitrification, 
denitrification and N leaching (Petersen et al., 1998). The losses can be significantly reduced by 
covering and/or compaction of manure heaps (Sommer, 2001; Chadwick, 2005). Manure N availability 
is increased by the prevention of such storage losses (Sommer, 2001). 
 
Losses of N can occur via the leaching of manure accumulated or stored on unsealed surface, or by 
surface runoff. The losses will be larger if the areas involved are not covered or roofed, since rainfall 
will aggravate the problem. 
 
3.2.3.5. Manure treatment 
Anaerobic digestion 
During anaerobic digestion of manures organic matter is converted into biogas and part of the organic 
N is mineralized to ammonium-N. This process can increase the amount of NH4-N and the NH4-
N:total-N ratio in slurry (Rubæk et al., 1996). Anaerobic digestion reduces manure carbon and dry 
matter content by about 50%. As a result, the digested manure contains less organic N and less dry 
matter than untreated slurry and the pH is increased by about 0.5-1.0 units (Sommer and Husted, 
1995). The NH4-N content and pH in digested slurry are greater than in untreated slurry. Thus, 
potentials for NH3 emissions during slurry storage are enhanced. Due to the reduced dry matter 
content, digested slurry can infiltrate more rapidly into the soil which reduces NH3 emissions after 
slurry application. Due to the higher pH and the increased TAN there may be an increased risk of NH3 
emission and the greatest utilization is obtained by direct injection or immediate incorporation of the 
digested manure.  
 
The easily decomposable compounds such as volatile fatty acids that cause N immobilization after the 
application of slurry to soil are also decomposed during the treatment (Kirchmann and Lundvall, 1993). 
Kirchmann and Lundvall (1993) studied the relationship between N immobilization and volatile fatty 
acids in soil after application of pig and cattle slurry. They found N immobilization in soil to be only half 
that from digested compared with undigested slurry, due to less easily-decomposable C in the 
digested slurry. Therefore there is a potential for greater N availability after digestion if NH3 losses are 
prevented. The results of field studies to quantify N availability following digestion of slurry are 
reported in detail in section 3.3.2.5. below. 
 
Anaerobic digestion of livestock manures is mainly implemented for energy production reasons. 
Methane produced in an agricultural biogas plant is collected and transformed to electricity and heat in 
a combined heat and power coupling. Anaerobic digestion not only reduces CH4 emissions from 
manure stores, but consumption of fossil fuels, as well. Both processes reduce anthropogenic GHG 
emissions. Improvement of manure quality is a "by-product" of anaerobic digestion. 
 
3.2.3.6. Ammonia loss after application 
The NH3 loss after manure application has a direct effect on the amount of available manure N. Large 
emissions of NH3 have been measured following surface application (e.g. Pain et al., 1989), but 
generally, the rate of NH3 volatilization becomes very small after a few days (Oenema et al., 1993). 
Hence, 50% of the total NH3 loss occurs within 4 to 12 h after slurry application (Pain et al., 1989). The 
rate of NH3 volatilization from slurry applied to soil is related to temperature and wind speed; the 
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higher the temperature and wind speed, the larger the NH3 loss. Incorporating slurry into the soil is a 
most effective way of decreasing NH3 volatilization. Different techniques are available, such as deep 
injection, shallow injection, incorporation of slurry by ploughing or by rotary harrow, and application of 
slurry by band spreaders. Generally, the greatest reductions in NH3 emission are obtained when slurry 
is immediately incorporated by ploughing (Webb et al., 2005). Applying slurry using the trailing hose or 
trailing shoe techniques on bare soil only gives a small reduction in NH3 emission; the largest NH3 
emission reduction application by trailing hose is obtained from applications under the canopies of 
growing crops (Sommer and Hutchings, 2001). 
 
Ammonia emission from slurry applied by different methods is described in the ALFAM model 
(Sogaard et al., 2002). This model predicts the NH3 emission from field-applied pig and cattle slurry, 
as a function of the weather (temperature and wind speed) and the application technique used. 
 
Reduction of losses after manure application 
It is very important to reduce NH3 emissions after manure application. The NH3 saved through 
emission mitigation measures applied during housing and storage must be conserved through 
reduced emission application techniques. Ammonia abatement measures are most effective if taken 
after field application. Timing of application, reduction in slurry dry matter content and low trajectory 
application techniques are effective ways to reduce NH3 emissions from manure management. Table 
17 gives an overview on factors influencing NH3 losses after manure application.  
 
Table 17. Factors influencing NH3 emissions after manure application 
Factor NH3 emissions decrease with… 
Weather Low wind speed, low temperature, light rainfall 
Slurry composition Low dry matter, low pH 
Application technique Low trajectory application in crop canopy or with immediate incorporation or injection 
 
Jarvis and Aarts (2000) reported for grassland that the transfer of manure-N to soil with an efficiency 
of up to 93% was technically attainable. They also reported that on sandy soils N could be taken up by 
crops with an efficiency of 77%. Hence the potential for manure-N efficiency by crops, the product of 
the efficiency with which manure-N could be transferred to soil and the efficiency with which soil N 
could be recovered by crops, was 72% on sandy soils. Those workers reported that the average 
achieved was just 42%. This estimate of potential efficiency, being based on results from sandy soils, 
may be considered at the upper end of the range across all soil types. Webb et al., (1998) reported 
recovery of fertilizer N to be greater on sandy soils (70%) than on clay soils (60%, Bloom et al., 1988) 
or shallow soils developed over chalk 55% (Grylls et al., 1997). 
 
Application methods 
Recovery of slurry-N has been found to be greater when slurry is applied using direct injection than 
when applied to the soil surface (Webb et al., 2010 and references therein). The more effective 
abatement techniques, such as injection or immediate incorporation into soil, are more effective in 
increasing N uptake than less effective NH3 abatement techniques such as the trailing hose (e.g. 
Matilla et al., 2003). Increased manure-N efficiency has also been reported following rapid 
incorporation of solid manures (e.g. Maidl et al., 1999). 
 
Generally the reduction in NH3 emission is related to how effectively and fast the manure is covered 
with soil. At injection, the slots created for the slurry must have the volume to hold the slurry applied. 
This means there must be a balance between rate and slot space. Deep injection (more than 20 cm 
depth) will ensure the slurry is placed beneath the soil surface, but the design of the injector tine will 
also influence how well the slurry is covered by the soil. 
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Figure 6. Reduction in NH3 emission due to application technique related to ammonia losses from 
animal slurry broadcast onto soil or a plant covered soil (Sommer and Hutchings, 2001).  
 
Timing of applications 
The optimum manure application time is usually in spring and summer when the crops need the 
nutrients. The greatest barrier for using the optimal timing of application is often the required manure 
storage capacity. Significant investments are needed to achieve a storage capacity of e.g. 9-12 
months.  
 
In areas with high precipitation and heavy soils it is also problematic to use the heavy application 
machinery in spring. The advantage of spring application is greatest in areas with high rainfall during 
the autumn and winter period. 
 
3.2.3.7. Denitrification losses 
Denitrification losses in the form of N2O and N2 are usually increased after manure application as 
compared with equivalent application of mineral N fertilizers. Such N losses also imply a reduction in 
manure N availability. Denitrification is promoted under conditions with decreased oxygen 
concentration in soil in the presence of NO3-. Microbial decomposition of organic compounds in 
manure consumes oxygen and low levels of oxygen occur temporarily in soil. Denitrification also 
occurs by nitrification of NH4 in soil. Denitrification losses are extremely variable in space and time, 
and prediction of the losses from manure N is difficult. 
 
The losses are influenced by e.g. soil type, soil moisture conditions and by the distribution of manure 
in soil. Losses can be high e.g. by deep injection in heavy soils when conditions are wet after the 
application (Thompson et al., 1987). Manure also contains available C, which may stimulate 
denitrification. 
 
A recently developed approach to estimate N2O emissions following fertilizer and manure application 
in relation to environmental, crop and management factors has been implemented (Velthof et al., 
2009). MITERRA-EUROPE i) uses region specific emission factors instead of IPCC default N2O 
emission factors, and ii) calculates NO3- leaching (a source of indirect N2O emission) in a different way 
to IPCC using GAINS methodology. Denitrification losses after application of manure can also be 
calculated using a simple simulation model developed for Danish conditions (SIMDEN, 
http://xwww.agrsci.dk/media/webdav/filer/jpm/ostof/simden_ver_2_0_uk). In this model denitrification 
after manure application is influenced by the distribution of manure in soil and by soil type. Using this 
model Petersen and Sørensen (2008) calculated average N losses by denitrification equivalent to 3% 
of total slurry N after surface application and 5% of total N after shallow injection. This calculation is an 
average for soil types found in Denmark, and in areas with clay soils denitrification losses can be 
greater. 
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3.2.3.8. Timing of application (Nitrate leaching after application) 
Timing manure applications to reduce the risk of NO3- leaching is a well documented approach to 
conserving the available-N in manures and increasing manure-N efficiency. For example, the impact 
of different times of application was clearly illustrated by Webb et al. (2001) for UK conditions (Figure 
7).  
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Figure 7. The proportion of N lost by nitrate leaching from application of broiler manure to a clay loam 
soil in Eastern England at times of application between early August and late March in a year of 
average hydrologically-effective rainfall for the location. The white area of the graph represents the 
manure-N lost by leaching. The units of the y axis are kg N/ha. The land was taken to be uncropped at 
the time of manure application 
 
The losses illustrated in figure 7 are those occurring in the season of manure application; NO3- losses 
will be even greater considering losses in subsequent winters (e.g. Thomsen, 2005). Hence although 
appropriate timing of manure applications is a very effective means of reducing NO3- leaching in the 
season of application it will not decrease losses in subsequent winters. To reduce long-term NO3- 
losses from manures it is necessary to use crops with a long growing season or to include cover crops 
taking up N mineralized in autumn.  
 
Manure N loss by leaching also has a direct relation to manure N availability. Autumn applications of 
manure cause increased NO3- leaching in areas with moderate or high precipitation during autumn and 
winter. Soil texture has an influence on NO3- losses with the greatest losses on sandy soils, but even 
on heavy soils NO3- losses can be significant.  
 
3.2.3.9. Soil type effects and effects of/ interactions with manure distribution in soil 
A number of laboratory experiments have indicated that net mineralization of manure N is related to 
soil texture and that net mineralization decreases with increasing soil clay and silt content (Sørensen 
and Jensen, 1995). However, when slurry is placed concentrated in soil, e.g. by injection, net N 
immobilization is reduced and the plant availability increased, especially in more finely textured soils 
(Sørensen and Jensen, 1995; 1998) indicating that the effects of soil texture may be offset when 
manure is placed concentrated in soil. This effect of slurry distribution seems to be more significant 
with cattle than with pig slurry, probably because pig slurry better infiltrates the soil due to typically 
lesser dry matter (Anon., 2010). These effects were studied in small plot and pot experiments but they 
seem to be supported by measurements of fertilizer values in farm field experiments (Pedersen, 
2001), as the observed increase in fertilizer value by injection of cattle slurry compared with 
incorporation by harrowing is greater than can be justified by the reduction in NH3 emission. 
 
It has been suggested that injection and incorporation of manures could increase crop N uptake not 
only by reducing NH3 volatilization, but also by introducing manure-N to the soil closer to the roots 
(Matilla, 2006). The extent of this effect will depend on crop type and method, e.g. sod injection in 
grassland will give less heterogeneous distribution of N. This could be particularly important when 
slurry is injected into soils that have developed a soil moisture deficit (SMD) and hence downward 
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movement of surface applied slurry is constrained.  However, any effect of placement could also be 
due to improved uptake of manure-P rather than manure-N.  
 
We conclude that:  
• Net mineralization of manure organic N decreases with increasing soil clay and silt content.  
• The plant availability of slurry N is increased by injection due to reduced NH3 emission but 
may also be due to effects on net N mineralization and possibly placement effects, especially 
in more finely textured soils. 
• The effects of soil texture may be offset when manure is placed concentrated in soil. 
 
3.2.4. Methods to increase the availability of manure N 
3.2.4.1. First principles 
There are various possibilities to reduce N losses from agriculture. The key option is to improve N 
efficiency. N flow cycles must be tightened. If N efficiency is only improved in one stage of the 
livestock production cycle, N may leak at another stage and overall N emissions may not decrease. 
Management options which decrease the amount of external N needed to produce a crop or animal 
product will decrease N emissions. The amount of N applied to arable land often greatly exceeds the 
amount of N necessary for crops and grass to grow. A large part of N input is not recovered in 
agricultural products, but lost to the environment. Excess N leaks as NH3, NO3-, NOx, N2O or N2. 
Nitrogen from livestock manures must be better recycled, i.e. treated or applied by means which 
increase crop available N, in order to replace mineral N fertilizers. Less mineral N fertilizer not only 
means less N emissions, but also less CO2 and N2O emissions from fertilizer production. Livestock 
and crop production systems must be integrated in terms of manure reuse. Schröder, (2005) 
concluded that an integration of farm types within the landscape should be given priority over 
specialised farming. 
 
Nitrogen emissions from manure management are strongly dependent on the manure N content. The 
smaller the manure N content, the fewer the N emissions. Manure N content is related to the N 
content in the diet. Nitrogen surplus should already be avoided in the animal diet. Matching of the N 
input in the diet to the animal’s requirements is a very promising option to reduce N excretion. With 
pigs, this means the introduction of phase feeding.  
 
Ammonia emissions from buildings housing livestock are influenced by a range of factors (Table 18).  
 
Table 18. Factors influencing NH3 emissions from buildings housing livestock 
Factor NH3 emissions decrease with… 
Livestock category Cattle < pig < poultry 
Feeding Low protein diets 
Manure removal frequency Frequent removal 
Area fouled with manure Small areas 
Cleanliness of the house Clean house 
Temperature Low temperature 
 
Losses of manure N during storage mainly occur from the TAN pool in the form of NH3 emission from 
both liquid and solid manures. Factors influencing the losses are shown in Table 19. 
 
Table 19. Factors influencing NH3 emissions during manure storage 
Factor NH3 emissions decrease with… 
TAN content in the manure Low TAN content 
Design of the storage tank Small surface, large volume 
Manure pH Low pH 
Slurry dry matter content Low dry matter content 
Temperature Low temperature 
Air exchange rate Decreasing exchange between air and manure 
Duration of storage  
 
The methods used to increase the efficiency of N use after manure application are based on the 
following underlying principles: 
• Applying manure N in amounts and at times of the year that match the uptake ability of the 
crop. 
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• Reducing losses of NH3 by reducing the area of manure that is exposed to the atmosphere or 
the length of time it is exposed. 
• Reducing losses of N2 or N2O by avoiding the application of manure to soils when conditions 
would encourage denitrification and by avoiding manure application techniques that would 
strongly enhance denitrification losses. 
 
3.2.4.2. Suitable methods  
Increased availability by reduced housing and storage loss 
Methods to reduce N losses during housing include reducing the floor area that is dirtied by manure 
(e.g. partially-slatted flooring or reducing the surface area of manure channels that is exposed to the 
air), more frequent cleaning and the cooling of slurry in slurry channels. Ensuring that there are 
adequate facilities to intercept leaching/runoff from animal housing/manure storage and return the dirty 
water to the manure management system (e.g. to a slurry tank) will increase the N fertilizer efficiency 
and reduce aquatic pollution. 
 
Significant N losses from solid manures can also occur by denitrification and runoff (Petersen et al., 
1998). Losses from slurry storage can be reduced by 80% by coverage (Hansen et al., 2008) while 
losses from solid manures, of both a large and small C:N ratio, can be reduced by more than 50% by 
coverage (Chadwick, 2005; Hansen et al., 2008). Yet while crusting is a proven means of reducing 
NH3 emissions during storage it has disadvantages and these could be overcome by using a 
manufactured cover, which can also be more effective in reducing NH3. 
 
Ammonia losses can also be significantly reduced by acidification with sulphuric acid (Kai et al., 2008). 
See section 3.3.2.5. below.  
 
Increased availability by manure treatment 
Slurry composition is not ideal with regard to fertilizer properties and reduced emission handling. In 
particular, the high dry matter and carbon content pose several problems during storage, and during 
and after slurry application (Table 20). Slurry dry matter tends to produce crust formation on the slurry 
surface and/or sediment on the bottom of the slurry tank. To achieve an even distribution of nutrients 
slurry must be homogenised prior to application. Homogenisation of high dry matter slurry is energy 
consuming and increases NH3 emissions. Thus, the need for slurry homogenisation should be reduced 
as far as possible which is only possible if the slurry dry matter content is reduced. Crust formation 
also reduces emissions of NH3. No studies have been carried out to assess the overall impacts of 
allowing stored slurry to crust. This is likely to be a net reduction in NH3 emissions providing the crust 
does not become too thick making it difficult to disperse and likely to impair the effectiveness of 
reduced NH3 emission slurry spreaders. Many approaches to mitigating emissions from storage 
facilities have been investigated. These include industrial processing (for example by drying and 
compressing into pellet form), diet manipulation, slurry additives, or equipping the storage for biogas 
collection. 
 
Table 20. Problems resulting from slurry high dry matter and carbon content 
Area problem 
Storage • Crust formation and sedimentation of solids 
• Increased energy consumption for pumping and mixing 
• Emission of NH3, N2O, CH4, and odour 
Spreading • NH3 and N2O losses 
• Greater effort for even and reduced emission application 
• Crop damage due to scorching by slurry 
Fertilization • Less effective than mineral fertilizer 
• Effect less predictable than from mineral fertilizer 
• N immobilization in the soil 
• Denitrification and subsequent N2O emissions 
 
There are potential conflicts in the management of slurry storage which need to be addressed. The 
first is that natural crusting is suggested as a means to conserve N by reducing NH3 emissions. The 
second conflict is more difficult to reconcile, in some countries at least. There are advantages to 
having slurry of low dry matter. However, covering stores to reduce NH3 emissions will stop rainfall 
entering the store and hence may give rise to higher dry matter slurry. There may well be a significant 
regional difference here. For example, in the UK rain falling on a slurry store can double the volume 
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stored over winter. But in warmer countries covers may reduce evaporation and reduce slurry dry 
matter. This relationship between covering slurry stores and the impact on dry matter is one that is 
likely to vary among regions within the EU. Another approach is establishing a floating slurry cover. 
Covering slurry stores is recommended as a measure to reduce NH3 volatilisation and odour 
emissions. Covers may be a layer of natural material (e.g. straw), a permeable fabric, impermeable 
plastic, or other alternatives. Ideally, floating covers are simple, inexpensive, adaptable, and 
immediately useable and may also be permeable to rainfall. The latter may be a disadvantage in high 
rainfall areas, as it will lead to an increase in slurry volume. But in dry regions permeability to rainfall 
would reduce slurry dry matter. 
 
Low dry matter slurry has advantages when it comes to its use as a fertilizer. The aim should be to 
make optimum use of slurry N and making slurry N as predictable as possible (i.e. a consistent 
NFRV). This means that slurry should have a low dry matter content and be stored under an artificial 
cover. Slurry dilution (by rainfall or water addition) is not the best means to reduce dry matter content 
as it increases slurry volume and hence more storage capacity is required, more volume to be 
transported, more pressure on soil structure and greater risk of polluting surface waters by runoff. 
 
Slurry contains easily degradable carbon that serves as nutrient source to microbes. During slurry 
storage a continuous degradation of organic matter can be observed. Degradation intensity is strongly 
dependent on slurry dry matter content. Degradation of organic matter is greater with higher slurry dry 
matter content. As conditions in the slurry are anaerobic, degradation of organic matter must always 
occur with anaerobic pathways. This means, that CH4 and CO2 are formed as end products of the 
degradation process.  
 
After application NH3 emissions increase with an increase in slurry dry matter content (but not 
necessarily if it is injected). Ammonia emissions not only have negative environmental impacts, but 
are also a loss of a valuable plant nutrient that has in consequence to be bought as mineral fertilizer. 
 
Environmentally friendly slurry application requires the slurry to be evenly applied near or under the 
surface. It is much more complicated to fulfil this requirement when the slurry has a high dry matter 
content than when it has a low viscosity and can easily flow through spreading hoses. 
 
Nitrogen availability to plants is difficult to calculate with high dry matter slurry. The narrower the C:N-
ratio, and the greater the NH4-N content the more N is available to plants immediately after slurry 
application. With a wide C:N-ratio, part of the slurry N is immobilized in the soil N pool and becomes 
available only at a later and non predictable stage.  
 
It is thus necessary to reduce slurry dry matter and carbon content at an early stage of manure 
management (Figure 8). 
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Figure 8. Changes in slurry composition to be achieved by successful manure treatment. 
 
There are various techniques of manure treatment that can be classified as physical, chemical or 
biological way of treatment (Figure 9). 
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Figure 9. Classification of manure treatments as physical, chemical or biological way of treatment 
 
Slurry mixing is the most commonly applied manure treatment technology. Slurry is homogenised prior 
to application in order to achieve an even distribution of nutrients. Apart from this, mixing does not 
offer any additional benefits with respect to manure-N efficiency compared with untreated slurry. 
 
Slurry dilution with water can reduce NH3 losses after slurry application. However, a significant effect 
is only achieved if the water-to-slurry-ratio is at least 2:1. This would result in a dramatic increase in 
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slurry volume that has to be stored and applied. Nutrient composition stays unchanged and thus slurry 
fertilizer quality is not improved. 
 
Slurry additives can act on a chemical, physical or biological basis. Chemical-physical additives are 
meant to adsorb NH4-N and thus reduce NH3 losses. Enzyme-based additives are intended to 
increase biological degradation of organic matter. The mode of action and composition of commercial 
additives are in many cases not known and further research is needed. 
 
Slurry aeration introduces oxygen into the slurry in order to allow aerobic microbes to develop. 
Organic matter is oxidised to CO2 and H2O. Odorous compounds are degraded. Slurry dry matter 
content decreases. Thus, less mixing is needed and handling properties of slurry are improved. Slurry 
aeration results in an increase in NH3 emissions and in energy consumption. The potential for N2O 
emissions is likely to increase, as well.  
 
During slurry separation, solids are mechanically separated from slurry. This results in two fractions: a 
liquid slurry fraction with low dry matter content and a solid fraction that can be stored in heaps. 
Energy consumption for slurry separation is low. Although there may be differences according to the 
separation technique used, e.g. open systems such as screw press vs. closed systems such as 
centrifuge, reported measurements of NH3 emissions during the separation process are small as 
separation takes very little time and slurry is in the separator during that time. In contrast the turning 
events of composting are much more likely to favour NH3 emissions. Nevertheless, Amon et al. (2006) 
measured NH3 emissions during composting of solids and even then net NH3 emissions compared 
with emissions from the whole storage period were very small. The dry matter content in the liquid 
fraction is reduced by 40-45%. The carbon content is reduced by 45-50%. The effort needed for 
reduced emission application techniques are reduced as the liquid fraction of separated slurry has a 
reduced viscosity and flows more easily through spreading hoses. Separated slurry has a narrow C:N-
ratio which reduces the potential for N immobilization in the soil. Nitrogen availability is more 
predictable and can be better calculated in order to match nutrient requirements of plants for 
fertilization. However, significant N losses have been observed after storage of solid fractions from 
slurry separation (Petersen and Sørensen, 2008b) and the greatest NH3 emissions arising from slurry 
separation have been reported to be during the storage of the solid fraction (Amon et al., 2006). 
Hence, proper management of the solid fraction containing 10-20 % of the slurry N is important to 
maintain a high overall N utilization. Prediction of the plant availability of N in the solid fraction is also 
more difficult (Petersen and Sørensen, 2008b). 
 
Solid manure management and N availability and the impact of composting 
After removal from livestock buildings FYM can either be stacked anaerobically or be aerobically 
composted. Composting often results in greater NH3 emissions than anaerobic stacking. Exclusively 
anaerobic storage may also reduce N2O emissions as there can be no denitrification if the manure is 
never allowed to aerate and nitrification is prevented (Chadwick, 2000 and papers cited therein). 
However, the anaerobic storage of manure which has been allowed to aerate risks increasing N2O 
emissions. There is also the issue of CH4 emissions that will increase during anaerobic storage, albeit 
when expressed in terms of CO2 equivalents the increases in emission of CH4 tend to be outweighed 
by the decreases in emission of N2O (Chadwick, 2000). Nevertheless, it is very difficult to find the very 
best option for FYM storage. Especially when other factors, that are important, (e.g. in organic 
farming: humic substances; aerobic turnover desired…), are taken into account. In practice, this 
discussion might be more or less academic as it seems to be unlikely that farmers will have the time 
and money to guarantee a good composting process with sufficient oxygen supply and sufficiently 
frequent turning of the manure. Hence piling manure into heaps which are anaerobic may be the most 
practical option and lead to the greatest conservation of N. 
 
The method of FYM treatment also influences the change in manure composition, especially in the 
NH4-N content. During the composting process the NH4-N not lost during composting is transformed to 
more stable, organic N forms that are less subject to gaseous losses. Anaerobic stacking tends to 
inhibit both nitrification and immobilization of NH4-N. Ammonia emissions during and after FYM 
spreading are strongly influenced by the NH4-N content. Emissions after spreading have also to be 
included in the measurements in order to calculate the net total of emissions from composted and 
anaerobically stacked FYM. 
 
During storage of solid manures, composting processes occur spontaneously to varying degrees, 
depending on its porosity and moisture content, and on the extent to which air can gain access. The 
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composting process can be further promoted by forced aeration or by frequent turning of manure piles. 
During composting of manures, organic matter is decomposed and this includes organic N 
compounds. Manure temperature increases temporarily up to about 70°C if the manure is sufficiently 
aerated and significant amounts of NH3 can be lost (Kirchmann, 1985). After composting, the plant 
availability of the remaining manure N is significantly reduced as a result of an increased stability of 
organic N in the manure and of the loss of mineral N during composting (Kirchmann and Witter, 1989; 
Sommer, 2001; Munoz et al., 2008).  
 
Composting of livestock manures prior to application to land may be used to control the spread of 
pathogens, minimize the production of phytotoxic substances, improve storage and handling, and 
reduce unpleasant odours, especially in the case of poultry manures (Tiquia and Tam, 2000). 
 
However, since composting changes the nature of the manure it can affect the usefulness of manure 
as a fertilizer. For instance, composting may promote N transformations such as mineralization, NH3 
volatilization, nitrification, and denitrification. Nitrogen mineralization is of particular importance 
because it converts organic N into NH4+. Ammonia volatilization and denitrification may lead to 
significant losses of N (Martins and Dewes, 1992; Bernal et al., 1996). Such losses will affect the 
agronomic value of the composted product. These losses during composting of animal manure range 
from 21-77% (Martins and Dewes, 1992; Rao Bhamidimarri and Pandey, 1996). Nitrogen losses 
depend on several factors such as aeration, moisture content, and temperature (Bishop and Godfrey, 
1983). The carbon (C):N ratio of the initial composting material has also been reported to affect losses 
of N during composting (de Bertoldi et al., 1980, 1985; Bishop and Godfrey, 1983; Witter and Lopez-
Real, 1988). A very narrow C:N ratio can lead to loss of N through NH3 volatilization (de Bertoldi et al., 
1985; Tam and Tiquia, 1999), especially if the compost piles are aerated mechanically or turned 
manually. De Bertoldi et al. (1983) reported that the N loss was greater with turning (18% N loss) than 
with forced aeration (5% N loss). Such losses of N would decrease the nutrient value of the mature 
compost material. 
 
Tam and Tiquia (1999) reported total N in the compost mass (concentration * mass of the pile) 
decreased from 31 to 13 kg during composting.  This loss was c. 59% of the initial N mass of the piles 
and was comparable to losses reported on composting of livestock manure (21±77%) (Martins and 
Dewes, 1992; Rao Bhamidimarri and Pandey, 1996). Tam and Tiquia (1999) attributed losses of N 
largely to NH3 volatilization. 
 
In the evaluation of the impacts of composting on manure-N efficiency there are two general “fertilizing 
philosophies” that must be distinguished and that lead to different approaches to applying nutrients 
and hence two different conclusions with respect to the role of composted manures. 
 
a) fertilizing the crop that is currently growing = “conventional fertilizing”, including the application of 
mineral fertilizer; N must be applied as closely to crop demand as possible. Application as TAN is 
desirable and hence composting will not be appropriate.  
 
b) fertilizing the soil rather than the crop; common in organic farming. Here, the aim is to improve soil 
quality and soil fertility. Crops recover nutrients from soil reserves rather than from direct fertilization. 
Here, a continuous coverage of the soil with crops is required to avoid N leaching; N application must 
not necessarily be readily available and composted manure may be a more appropriate source of N. 
 
One routinely cited environmental advantage of composting organic manures before application to soil 
is that the reduced N mineralization rates in soil may decrease the potential for NO3- leaching by 
delaying the conversion of organic-N to NO3--N. However, the low mineralization rate may be both an 
environmental and an agronomic shortcoming. The lack of control over the timing of subsequent 
mineralization may mean that mineral N becomes available at times of the year when there is little 
plant uptake and hence in the longer term may contribute to NO3- leaching. This suggests that FYM 
should be applied in systems that operate under organic farming principles: i.e. aim at a coverage of 
the soil by crops during the whole year. FYM will not serve as an optimum fertilizer in conventional 
cropping systems with some period of bare soil during the year. The application and use of compost 
including its advantages and disadvantages must be seen in the frame of whole production systems. 
 
Use of specific manure analysis of ammonium-N and/or total N 
The proportion of manure-N available to crops, both in the season of application and in subsequent 
years, needs to be accurately estimated in order to correctly determine the amount of fertilizer-N 
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needed for optimum crop growth, and to avoid excess applications of crop-available-N. Increased 
farmer confidence in, and knowledge of, manure N content is essential in changing attitudes from 
manure disposal to one of nutrient management. Typically farmers are encouraged to use average 
values for nutrients published in handbooks (Jarvis and Menzi, 2005).  
 
An improvement would be to persuade farmers to submit representative samples for analysis to help 
overcome variation in nutrient contents and avoid under-application and poor crop response or over-
application and risk of transfer of N to air and watercourses. To do so requires methods of manure 
analysis which accurately predict manure-N efficiency, both in the short- and long-term and are able to 
discriminate among manure types. Approaches to manure management need to be identified which 
increase manure-N efficiency either by conserving available-N or increasing the predictability with 
manure-N becomes available to crops. 
 
Due to variability within manure stores representative sampling is crucial but also difficult, especially 
for solid manures. Slurries can normally be mixed in the store before taking a sample and, for analysis 
of NH4+-N, mixing is not that important if the surface layer is avoided. To get representative samples 
from solid manure it is necessary to take large number of subsamples and carefully mix these. 
Analysis of NH4+-N in manure usually gives a good measure of the first year N availability. Meters are 
available for on-farm use estimating the plant available N content of manures and can be used on sub-
samples of slurry prior to application: these tests take approximately 10 minutes to complete and 
some meters are reliable at estimating NH4+-N contents of slurries (Williams et al., 1999; Reeves, 
2006).  Near infrared reflection spectroscopy (NIRS) has been shown to be a more accurate and rapid 
method to measure total and  NH4+-N contents of manures (Reeves, 2006; Sørensen et al., 2007). 
However, NIRS instruments are still too expensive for on-farm measurement, but can be used for fast 
laboratory analyses. Hydrometers can be used because there is a good relationship between dry 
matter and nutrient contents and significant progress has also been made in quantifying nutrient 
contents in-line on slurry tankers. 
 
Significant progress has also been made in quantifying nutrient contents in-line on slurry tankers, but 
the technology can still be further improved. 
 
Grazing 
The N excreted as urine and dung during grazing has also to be considered in the Nitrates Directive. 
The N excreted during grazing is distributed heterogeneously. Moreover, the concentration of N in 
urine patches results in large local N losses via NH3 emission, and denitrification (Bussink and 
Oenema, 1996; Oenema et al., 1997; Van Groenigen et al., 2005). Treading and trampling by grazing 
animals also contribute to denitrifying activity because of soil compaction. Urine patches contain large 
amounts of N, and N leaching losses in grazed grassland are usually related to urine (and dung) 
patches, especially for grazing in autumn (Hack ten Broeke and der Putten, 1997) as excreta will be 
deposited only a short time before the onset of over-winter drainage and there will be little recovery of 
the N by the grass. Because of the heterogeneous distribution and large N losses, the N efficiency of 
N excreted during grazing is much smaller than the N efficiency of properly applied manure. 
Adjustment of the grazing regimes strongly affects N leaching losses. However, it also affects the 
amounts N excreted and stored in house and in manure storage systems, and hence the N emissions 
from these compartments of the farming system. To avoid exchanging, emissions during grazing to 
emissions from managed manure, systems should be optimized to take into account the 
environmental and agricultural (economic) aspects of the whole farming system. 
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3.2.4.3. Overview on measures to increase the availability of manure N - Based on 
understanding of principles outlined above 
Table 21 summarises measures to increase the availability of manure N and indicates their 
applicability in different EU regions derived from the principles outlined above. 
 
Table 21. Potential for introduction of practices and effectiveness of measures to increase the 
availability of manure N and their applicability in different EU regions. 
Measure  North South Remarks 
  Dry Wet Dry Wet  
Practice xxx xxx xxx xxx       Reduced housing loss 
Effectiveness xxx xxx xxx xxx 
        
 
Practice xxx xxx xxx xxx Reduced storage loss 
(storage covering) Effectiveness xxx xxx xxx xxx 
 
Practice xxx xxx xxx xxx  Use of manure N analysis 
Effectiveness xxx xxx xxx xxx  
Practice xx xxx xx xxx Timing of application 
(Storage capacity) Effectiveness xxx xxx xxx xxx 
Investment in manure 
storage capacity 
Application methods      Investment in 
application machinery. 
Practice xx xx xx xx  Trailing hose 
Effectiveness xx xx xx xx  
Practice xx xx xx xx  Trailing shoe 
Effectiveness xx xx x xx  
Practice xxx xxx xxx xxx Open slot injection 
Effectiveness xxx xxx xxx xxx 
Practice xxx xxx xxx xxx Shallow injection 
Effectiveness xxx xxx xxx xx 
Injection difficult on 
some soil types? 
Practice xxx xxx xxx xxx  Rapid incorporation 
Effectiveness xxx xxx xxx xxx  
Practice xx xx x x Slurry acidification 
Effectiveness xx xx xx xx 
Effective but expensive 
Practice xx xx xx xx Anaerobic digestion 
Effectiveness xx xx xx xx 
Energy production is 
the main driver 
xxx = effective and extensively implemented in practice,  
xx = variable/low effectiveness or limited practicality or limited implementation in practice  
x = new measures that have yet to be proven on commercial farms,  
blank = proven to be ineffective or impractical. 
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3.3. CHAPTER 3. REVIEW OF METHODS TO INCREASE MANURE N AVAILABILITY/REDUCE 
LOSSES 
In this section of the report we present the results of a structured review of the effects of a range of 
manure management options on apparent N recovery and NFRV following the application of manures 
to land. We have concentrated on recent papers (since 2001, but not exclusively so) and also on 
manure management techniques to reduce NH3 emission following application of manures to land or 
techniques which alter the physical and/or chemical properties of manure (e.g. digestion, separation 
and composting). We considered that the impacts of manure management to reduce NO3- leaching 
following manure application have been thoroughly evaluated and already implemented in most MS 
and hence do not require further detailed evaluation. We have, however, provided an overview of 
current approaches to managing manure to reduce NO3- leaching and the consequences for manure-
N efficiency. The object of this chapter is to examine in detail the published results of studies to 
improve manure-N efficiency in the context of the principles reported above. 
 
3.3.1. Method 
3.3.1.1. Phase 1. Identification of the need for the review 
This review was carried out to identify and analyse the most effective measures and practices leading 
to improved manure-N efficiency, taking account of any differences arising from climate and soil 
conditions. The findings reported in Annexes 1 and 2 indicate that, in most MS, only limited account is 
already taken of these aspects in the APs. In consequence the main focus of this review was to 
identify further actions that can be taken to improve manure management in order to more effectively 
utilize the N in manures. These included: 
 
• Reduced-NH3 manure application techniques which, by conserving NH3-N in soil can increase 
crop recovery of manure-N. 
• Treatments of manures and slurries which alter the properties of manures either to improve 
their handling (e.g. separation, aeration, composting) or for other purposes (e.g. anaerobic 
digestion). 
 
3.3.1.2. Phase 2. Background research and problem specification - what are the difficulties and 
limitations to estimating the efficiency of manure-N 
The main difficulty lies in allocating the N taken up by the crop between the potential sources, soil N 
reserves, manure-N and if applied, fertilizer-N.  
 
This is normally done by comparing N uptake by crops grown on plots to which manure is applied with 
N uptake by crops grown on plots to which no manure has been spread under similar conditions.  
 
• Manure-N uptake = crop N uptake on plots to which manure has been applied - crop N uptake 
on plots to which no N has been applied. 
 
Comparison may also be made with uptake by crops to which mineral N fertilizer has been applied in 
order to determine the fertilizer-N equivalent. 
 
The main weakness to this approach is the assumption that there is no interaction between uptake of 
manure-N and uptake of soil-N, i.e. the manure-N is not taken up in preference to soil-N, or vice versa 
or that other materials added in the manure, such as readily degraded C compounds, might not 
interact with soil mineral N or any applied fertilizer-N. 
 
The use of labelled N has also been used to estimate manure-N uptake by crops. But this approach is 
not without difficulties. 15N is considered to underestimate N recovery by about 10% (see discussion in 
Hoekstra et al., 2010). 
 
3.3.1.3. Phase 3. Requirements for the review protocol 
For example, we considered whether the review was to be restricted to field trials or to include 
laboratory studies. Were all field experiments to be given equal weighting or should greater 
importance be attached to studies carried out over more than one season? Should greater weight be 
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given to studies that measured manure-N efficiency from a range of manures under the same field and 
weather conditions? 
 
A hierarchy was developed with:  
• Field studies being given greater weighting than laboratory studies. 
• Replicated studies to be given greater weighting than unreplicated studies. 
• Studies carried out over more than one year to be given greater weighting than field studies 
carried out over just one year. 
• A greater weighting will be given to studies published in peer-reviewed journals than to studies 
reported in conference proceedings. 
 
3.3.2. Results 
3.3.2.1. Cropping system 
Mallory et al. (2010) studied the seasonal N availability from current and past applications of manure 
using solid beef manure on a fine loamy soil. Average first year apparent N recovery from 
unincorporated beef manure was only 9%. These workers point out that the manure decay series 
often used to estimate residual manure-N uptake have typically been developed based on 
experiments conducted with full season crops like maize (Zea mays L.; Klausner et al., 1994; Magdoff 
1978). Crops with shorter growing seasons, such as barley, can only capture a portion of this 
estimated plant available N because the remainder is mineralized after crop uptake has ceased. 
 
In conclusion:  
• Results of studies reporting the NFRV of livestock manures obtained using crops with a long 
growing season need to be interpreted with caution as the use of their results on crops with a 
short growing season may overestimate the capacity of the crop to recover manure-N and 
lead to an increased risk of NO3- leaching after harvest.  
• Following the harvest of spring-sown crops early planting of autumn-sown cereals will enable 
greater uptake of residual mineral N from manure applications. 
• Alternatively catch crops could be sown after the harvest of spring sown crops to which 
livestock manures have been applied. 
• Both measures would be expected to increase overall manure N efficiency by minimising the 
period in autumn and winter when the ground is bare. 
 
3.3.2.2. Time of application 
One of the purposes of closed periods for manure application is to reduce NO3- leaching, together with 
reducing direct run-off of manures into watercourses. With the adoption of closed periods for manure 
application to comply with the Nitrates Directive it might be concluded that there is little room for 
further improvements in manure-N efficiency by the introduction of further restrictions on the timing of 
manure applications. However, in several MS NO3- leaching could be further reduced by avoiding 
application of solid manures in autumn before sowing winter cereals. In large measure due to the 
reduction in losses by NO3- leaching, the NFRV of manures with a large proportion of crop-available N 
is generally maximized by postponement of applications until spring (Schröder, 2005).  
 
There were no recent studies reporting only the effects of timing but some, reported in detail 
elsewhere, included timing as a factor in the experiment. Lalor et al. (2011) found that while 
application by TS increased NFRV at first grass cut by the same amount at both times of the year 
when compared with splash plate application, NFRV was greater in April, increasing from 0.30 to 0.40 
than in June, when it increased from 0.14 to 0.24. Bittman et al. (2007)  also found that later cuts did 
not use N as efficiently as the first cut and concluded that better utilization can be achieved by 
applying N in diminishing amounts over the growing season. 
 
More recent evaluations of options to reduce NO3- leaching following manure applications have 
identified the link between the N surplus, here defined as the difference between total inputs of plant-
available-N and N removed in crops. For example, Schröder et al. (2010) found the N surplus to be 
the best predictor of N leaching. 
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In conclusion:  
• Manure-N is better utilized when applied for spring growth, for tillage crops and grass, than 
when applied in summer. 
• Greater use should be encouraged of the N surplus approach when deciding on application 
rates of manures rather than simply adjusting fertilizer N applications to take account of 
available N in manure applications. This approach may be particularly useful with respect to 
spring sown crops.  
 
3.3.2.3. Soil type 
Sørensen and Amato (2002) measured remineralization and residual effects of N after application of 
pig slurry to soil in field microplots on loamy sand and sandy loam soils. The treatments were surface-
banding, simulated injection to 10 cm, incorporation (mixing) in top 10 cm. Spring barley was the test 
crop. 
 
Uptake of labelled NH4-N was in the order: N fertilizer (NH4)2SO4), 44-47%; injection 37-41%; 
incorporation 27-35%; surface application 14-15%. 
 
The total N uptake by the first barley crop was similar for the N fertilizer, incorporation and injection 
treatments in the loamy sand, but significantly less from the surface application. In the sandy loam, 
total N uptake was also significantly less after incorporation than after injection. The observed N 
recovery of mineral fertilizer N in the first barley crop (above-ground), measured as extra N uptake in 
the fertilized plots compared with unfertilized plots, was 63% in the loamy sand and 61% in the sandy 
loam. 
 
In the year after application (1997) the release rate of residual labelled N was significantly greater in 
the loamy sand soil than in the more clayey sandy loam. The loamy sand showed a residual effect of 
slurry application from the previous year, detectable as a significantly greater (P<0.05) N uptake in the 
slurry plots when compared with the N fertilizer plots in 1997. In the sandy loam, the N uptake after the 
slurry treatments was similar to the N fertilizer treatment. In 1998 there was no statistically significant 
effects (P<0.05) of slurry (applied in 1996) on total N uptake. 
 
In 1997 the recovery of labelled N in crops was 2–4% of the 15N input and in 1998 only 1.2–2.5% of 
the labelled N was recovered in crops. 
 
An incubation study showed that net N immobilization after slurry application was significantly greater 
than after application of mineral N fertilizer and occurred mainly within the first 2 weeks after 
application. From week 4 to 12, soil mineral N in slurry-amended soil approached that of the reference 
soil amended with N fertilizer. In the loamy sand, mineral N was similar in both treatments after 12 
weeks. In the sandy loam, soil microbial biomass N was greater after slurry application and remained 
high through the entire incubation period, whereas in the loamy sand there was no clear difference 
between the two treatments and the soil microbial biomass N level was generally low in the loamy 
sand. 
 
The residual effect of the applied labelled N could be determined with a much greater precision. The N 
offtake in ryegrass in autumn 1996 was 4–6 kg N ha−1 greater after spring application of pig slurry 
compared with mineral fertilizer N. Additional N may also have accumulated in grass roots after slurry 
application. Most of the extra N uptake after slurry application was unlabelled N indicating that 
remineralization of slurry NH4+-N was only a minor part of the extra released N in the autumn following 
slurry application. If there had been no grass crop in the autumn the extra N release would be lost by 
leaching under normal Danish climatic conditions. Thus, greater leaching losses are to be expected 
after application of pig slurry than after application of fertilizer N, even with similar amounts of 
available N supplied by the two sources, as previously observed for ruminant slurry (Thomsen et al., 
1997). 
 
3.3.2.4. Method of application: potential impact of reduced ammonia emission spreading 
The sections below group results according to the manure management technique evaluated. The 
papers reviewed are reported in varying degrees of detail, according to the relevance and the 
robustness of their results. Many papers evaluated more than one management technique and to 
avoid repetition we have reported the results of individual papers only once. 
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Injection 
Authors(s) Schröder et al. (2007) 
Experiment Replicated field experiments 
Crop Grassland 
Treatments Digested or undigested cattle slurry by means of open slot injection 
Manures Cattle slurry. Comparison was also made with FYM. Two sources of undigested cattle slurry 
were examined, in order to give some estimate of the variation in the agronomic qualities of 
the same type of slurry sourced from different farms. These are referred to below as 'slurry 1' 
and 'slurry 2'. 
Soil Loamy sand 
Results Apparent N recovery decreased in the order:  
mineral N fertilizer applied to the soil surface (CAN) > digested slurry1 applied by injection 
(S1ADi)  = undigested slurry 1 applied by injection (S1UNi) = undigested slurry2 applied by 
injection (S2UNi ) > slurry 2 and FYM surface applied (S2UNs, FYMs).  
Generally showing a positive relationship between the apparent N recovery and the mineral 
N to total N ratio of the manure. 
 
Average first year efficiencies (apparent N recovery) 
These were, for slurry 2 for which a comparison could be made, (% of total-N recovered in 
brackets) FYM (22), surface applied slurry (24-27), injected slurry (32-37).  
 
Injection of digested slurry gave apparent N recovery of 38-41%. AD only increased apparent 
N recovery significantly compared with undigested in one year, but by an average of 6%. 
 
Since apparent N recovery of CAN was 67%, this gave NFRVs in the season after application 
of: 
• FYM, 33. 
• Slurry, surface applied, 37. 
• Slurry, injected, 52 for slurry 2 for which a comparison could be made, injection 
increased apparent N recovery significantly each year and by an average of 15%.  
• Slurry, AD, injected, 58, AD only significantly better than undigested in one year, but 
by an average of 9%. 
 
With respect to manure TAN, injection increased the NFRV from 78 to 112% in the season 
after application for slurry 2. 
  
Average second and subsequent year efficiencies (apparent N recovery of manure-N tended 
to be small in individual years and could only be distinguished from background N uptake 
when added together.  
Conclusion(s) Injection increased apparent N recovery significantly each year and by an average of 11%.  
  
Authors(s) Mattila et al. (2003) 
Experiment Replicated field experiments 
Treatments Aerated, separated or untreated cattle slurry by means of injection, TH or broadcast (BC) 
surface application. Injection was to 8 or 10 cm. 
Crop Grassland 
Manures Cattle slurry 
Soil Clay loam (CL), fine sand or peat 
Results On the CL soil apparent N recovery of TAN from injected slurry was greater than from 
broadcast or TH in 1995 and 1996. TH did not differ from BC in any year. 
Recovery from separated slurry was significantly greater only in 1997 (P < 0.009). 
Conclusion Injection significantly increased N recovery on clay and sandy soils but not on peat. 
  
Authors(s) Sørensen (2004) 
Experiment Microplots 
Treatments Simulated effects of incorporation and injection of dairy cattle slurry N on the immobilization, 
remineralization and residual effects in subsequent crops compared with mineral fertilizer N. 
Crop Spring barley 
Manures Dairy cattle slurry 
Soil Sandy loam and sandy soils 
Results The total N uptake in barley 1996 was not significantly different when plots had been fertilized 
with mineral N or a similar amount of TAN in cattle slurry either mixed with soil or applied by 
simulated injection. After surface banding of the slurry the uptake of both total N and labelled 
N was significantly less. 
Conclusion Application of slurry by injection or incorporation increased manure-N availability 
  
Authors(s) Schils and Kok (2003) 
 67 
 
Experiment Field experiments at two sites 
Treatments Injector or splash plate applied 
Crop Grass 
Manures Cattle slurry 
Soil Sandy soil of high OM 
Results At both N applications N uptake was significantly greater with slit injection than with surface 
application. The average difference was 23 kg N/ha/year, with a range of 18 to 30 kg 
N/ha/year. Mean apparent N recovery increased from 31 to 44% at site 1 and from 28-46% at 
site 2. This compared with apparent N recovery of 79% from CAN. Hence at site 1 the NFRV 
of total slurry N increased from 40 to 56% and from 35 to 58% at sites 1 and 2 respectively. 
At both sites the cattle slurry used comprised c. 45% TAN. Hence at site 1 injection increased 
the NFRV of cattle slurry TAN from 88 to 125% and from 76 to 125%. Neither of the additives 
also used in this factorial experiment had any consistent effect on apparent N recovery. 
Conclusion Injection increased apparent N recovery by an average of 15%. 
  
Authors(s) Sørensen and Jensen (1998) 
Experiment 15N labelled manure to study the turnover and utilization of ruminant manure N using PVC 
cylinders. 
Treatments Simulated incorporation and injection 
Crop Spring barley 
Manures Sheep faeces and simulated cattle slurry 
Soil Sandy loam and sandy soils 
Results On both soils the recovery of labelled faecal N in barley grain and straw was significantly 
greater after simulated injection compared with incorporation, but the effect of application 
method was greatest on the sandy loam soil where the uptake of labelled faecal N was twice 
as large after simulated injection. The uptake of unlabelled N was also less after slurry 
incorporation than after simulated injection on the sandy loam soil, whereas no significant 
effect of application method on the uptake of unlabelled and total N was observed on the 
sandy soil.  
 
After surface application on the sandy loam soil, the recovery of labelled faecal N in barley 
was intermediate compared with the other application methods. After surface application 
there was no significant effect of soil on the recovery of labelled faecal N in barley. These 
results are consistent with results from Sørensen and Jensen (1995), who also found a 
greater plant uptake of N after simulated injection than after incorporation of cattle slurry into 
soil, and a strong interaction with soil type. 
Conclusion The utilization of slurry N can be increased in the first year by minimizing the contact between 
slurry and soil, provided that losses of N by NH3 volatilization and denitrification are also 
minimized 
 
The results confirm that the contact between an applied organic material and the soil matrix influences 
the turnover processes in soil, and this has also been observed for plant materials (Jensen 1994; 
Sørensen et al. 1996). The effects are probably due to an increased microbial assimilation of C and N 
when the contact between the manure and the soil is increased, as observed by Sørensen et al. 
(1996). The present results and results obtained by Sørensen and Jensen (1995) indicate that the 
utilization of slurry N can be increased in the first year by minimizing the contact between slurry and 
soil, provided that losses of N by NH3 volatilization and denitrification are also minimized. Increased 
contact between slurry and soil results in increased immobilization of ammonium N (Sørensen and 
Jensen 1995) and faecal N in slurry, especially in fine-textured soils. 
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Trailing shoe 
Authors(s) Lalor et al. (2011) 
Experiment Replicated field experiment 
Treatments TS 
Manures Cattle slurry 
Soil Well drained sandy loam to loam 
Crop Grassland 
Results While TS increased NFRV at first grass cut by the same amount at both times of the year 
when compared with splash plate application, NFRV was greater in April, increasing from 
0.30 to 0.40, than in June when it increased from 0.14 to 0.24. Moreover, there was no 
cumulative difference when NFRV was measured over all grass cuts albeit the NFRV was 
numerically greater for manure applied by TS. This was attributed to the greater residual 
effects of splash plate applied manure. 
Conclusion NFRV was strongly influenced by the month in which manure was applied (April or June). 
  
Authors(s) Bittman et al. (2007) 
Experiment replicated field experiments 
Treatments Trailing shoe. This study is of limited relevance to the review as all slurry was applied by TS 
Manures Cattle slurry 
Soil Silty to sandy loam 
Crop Grassland 
Results Long-term recovery (over 7 years) of manure-N was equivalent to 77% that of mineral 
fertilizer. This level was greater than values reported for broadcast cattle slurry in UK and 
northeastern US (Pain et al., 1986; Griffin et al., 2002). The relatively high efficiency in this 
study, 42% of total-N at the low rate, 37.4% at the high rate, (384 and 724 kg total N/ha 
respectively) was considered to be due to the superior method of application and the multi-
year nature of the study. These applications applied 199 and 375 kg/ha per year TAN 
respectively and hence % recovery of TAN was 81 and 72% of TAN which the authors 
concluded implied considerable mineralization. 
Conclusion Later cuts did not use N as efficiently as the first cut due to less crop growth (possibly more 
root growth in autumn) and perhaps more NH3 volatilization under warmer conditions and 
greater denitrification in autumn compared with spring or because of immobilization 
associated with root death. The results support the conclusion that better utilization can be 
achieved by applying N in diminishing amounts over the growing season (Bittman et al., 
2004). 
  
Authors(s) Godden et al. (2007) 
Experiment replicated field experiments 
Treatments Slurry application by TS as well as a comparison of FYM, composted FYM and semi-solid 
manure. 
Manures Cattle slurry 
Soil Silt loam 
Crop Arable rotation (maize, wheat, cover crop, sugarbeet and potatoes) 
Results This work was reported in a Conference Proceedings and only headline results presented. 
Nitrogen recovery over the whole 4-year rotation was: 
 
Slurry 45% 
semi-solid 40% 
FYM 34% 
Compost 42% 
Mineral-N 72% 
 
Giving NFRV at an application rate of 120 kg/ha: 
 
Slurry 63% 
semi-solid 56% 
FYM 47% 
Compost 58% 
 
Recovery decreased with increasing N addition regardless of the form of N applied. 
Conclusion It is better to use moderate rates of manure-N and top up crop N requirement with mineral 
fertilizer. 
  
Authors(s) Hoekstra et al. (2010) 
Experiment 15N labelled slurry ammonium fraction to follow the fate of slurry N in the soil-plant system in 
field studies 
Treatments Simulated broadcast and TS with a control to which no slurry was applied. However, there 
was no treatment applying mineral N fertilizer only. 
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Manures  
Soil  
Crop Grassland 
Results N uptake increased in the order control (C) < broadcast (BC)  ≤ TS2 < TS1 (53.5, 76.0, 82.1 
and 85.7 kg N ha−1, respectively). 
Conclusion Cumulative 15N recovery was significantly affected by application method, with recoveries 
increasing in the order BC < TS1 < TS2 (23.2%, 32.4% and 36.7%, respectively). 
  
Authors(s) Bittman et al. (1999) 
Experiment Replicated field experiments 
Treatments TS and surface application 
Manures Cattle slurry 
Soil Silt loam and a clay loam 
Crop Grassland 
Results In spring, apparent N recovery from splash plate applied manure was significantly less (c. 
20%) than from fertilizer. In summer, the differences were even greater, averaging about 
30%, while in autumn the differences were less consistent. Manure applied by TS had 
apparent N recovery values significantly greater than splash plate-applied manure in both 
spring and summer (c. 30%). Apparent N recovery for TS-applied manure and fertilizer were 
generally not statistically different. Over the entire study, the TS resulted in 3 to 8% less 
apparent N recovery than did fertilizer, whereas splash plate-applied slurry had 18 to 22% 
less apparent N recovery than fertilizer. 
Conclusion Response to the TS was close to that of fertilizer in all nine experiments, whereas in four of 
nine experiments the splash plate performed poorly. 
 
A treatment in the study of Bittman et al. (2007) in which applications of N were alternated between 
manure- and mineral fertilizer-N yielded the same amount as the larger rate of manure-N application 
despite a 24% smaller application of total-N, and yielded 2 Mg/ha more than the larger rate of mineral 
fertilizer-N application despite similar rates of mineral-N. The significance of this observation is that by 
alternating manure and mineral fertilizer, 18% more grass containing more crude protein could be 
grown at the same rate of N recovery compared with using manure alone. This indicates the benefit of 
alternating between manure and fertilizer to achieve relatively high N efficiency. Alternating between 
manure and fertilizer improved productivity per unit land area without decreasing the rate of N 
recovery per unit of herbage produced. Bittman et al. (2007) estimated relatively little leaching from 
the alternate applications of manure- and fertilizer-N based on residual soil NO3- measurements made 
in late autumn. 
 
Trailing hose 
Authors(s) Bittman et al. (2005) 
Experiment Field experiments 
Treatments Surface applied by splash plate, banding (TH) and banding over aeration slots (SSD) with a 
control to which no slurry or mineral-N fertilizer were applied (0N). Aeration slots were 
shallow slots made in the soil by cultivation in order to increase the rate of infiltration of the 
slurry.  
Manures Dairy cattle slurry 
Soil Silty and sandy loams 
Crop Grassland 
Results Averaged over the two spring applications in 2000, the SSD plots recovered 9.4 kg/ha more 
N than the splash plate plots. The authors assumed, based on previous measurements, that 
50% of applied TAN (92 kg/ha) was lost with broadcasting and 25% lost with the SSD. Hence 
23 kg/ha of TAN was conserved by the SSD, so the recovery rate for conserved TAN was 
about 41%. A similar calculation for 2001 shows about 50% recovery of conserved TAN for 
orchardgrass and very little recovery for tall fescue, reflecting the difficulty of getting 
consistent results with manure application (Misselbrook et al., 1996). There were no mineral 
N fertilizer-only plots so estimates could not be made of NFRV. 
Conclusion Averaged over all harvests in this study, surface banding increased yield by 6.9% and N 
capture by 6.8% over broadcasting while aeration increased yield by 4.4% and N capture by 
7.5% over surface banding. 
 
Webb et al. (2010) concluded that to enable adequate uptake of slurry-N the band width of all 
reduced-emission machines should be no more than 30 cm. 
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Incorporation 
Authors(s) Tewolde et al. (2009) 
Experiment Replicated field experiments 
Treatments Incorporation by means of subsurface banding before planting or at the 5-6 leaf stage 
Manures Broiler manure 
Soil Fine sandy loam 
Crop Cotton 
Results Measurements of lint yield and chlorophyll index suggested that applying broiler litter by 
subsurface banding gave better cotton performance than applying it by surface broadcasting. 
This increase appears small and only weakly significant (P = 0.105). This may be, however, 
because the 6.7 Mg ha−1 litter, even when applied by surface broadcasting, was already 
providing near-optimum fertilization and any additional litter benefit may not greatly increase 
lint yield. The 6.7 Mg ha−1 litter applied by surface broadcasting produced the same lint yield 
as the subsurface banding treatment, suggesting that this treatment was an optimal or near-
optimal litter rate for this soil.  
Conclusion  
  
Authors(s) Yagüe and Quílez (2009) 
Experiment Field 
Crop Wheat 
Treatments Two rates of surface application, 30 and 60 t ha−1, by splash plate or incorporation and a 
control 
Manures Pig slurry 
Soil Silt loam 
Results Following the 60 t ha−1 treatment (but not the 30 t ha−1) soil NH4-N was measured to 60 cm 4 
days after application and found to be +100 kg ha−1 greater following incorporation than 
surface application, equivalent to recoveries of 96 and 47% respectively. But wheat yield and 
N uptake were independent of application method. This was considered due to both 
treatments supplying adequate N for crop needs. 
Conclusion(s) Further work is needed on the dynamics of slurry N applications under Mediterranean 
conditions. 
  
Authors(s) Mattila (2006) 
Experiment Replicated field experiments 
Treatments Incorporation by means of harrowing to 5 cm. The effects of mixing pig slurry with peat were 
also examined. 
Manures Pig slurry 
Soil Clay loam 
Crop Spring barley 
Results No consistent differences in apparent N recovery between slurry and peat/slurry were 
reported. Mattila (2006) pointed out that location of manure within soil profile will influence N 
recovery. Mineral N applied to 8 cm was more available than manure incorporated to 0-5 cm 
depth. This was attributed more to greater availability of moisture below the surface rather 
than a purely physical effect. 
Conclusion The apparent N recovery were greater for incorporated slurry than for surface-applied. 
  
In conclusion:  
• The above studies indicate that the more effective reduced NH3 application techniques 
(injection, trailing shoe, immediate incorporation) lead to measurable and significant increases 
in manure-N efficiency.  
• The less effective reduced NH3 application techniques (e.g. trailing hose) have not been 
shown to increase manure-N efficiency.   
• Increases in manure-N efficiency are not simply related to the amount of NH3-N conserved. 
There is evidence that techniques which apply the manure in bands or layers, and do not mix 
it with the soil, allow measurably greater crop N uptake than techniques which mix the manure 
with soil. For cattle slurry the NFRV may be increased by c. 10% while the effect is small for 
pig slurry. Sørensen and Jensen (1995, 1998) showed that immobilization is decreased and 
net mineralization increased by placement of slurry in concentrated form (e.g. by injection). 
The effect is most significant in more heavily textured soils.  
• The benefits of reduced NH3 application techniques may decrease with increasing manure-N 
application rate. Indeed, two studies have indicated that to obtain the greatest manure-N 
efficiency moderate rates of manure should be applied and the remainder of the crop N 
requirement should be applied as fertilizer N. 
• Studies of N uptake following application of manures by reduced NH3-emission techniques 
have not always measured statistically significant increases in N uptake. Webb et al. (2010) 
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concluded that this was due to the difficulties of reliably measuring relatively small changes in 
N against a background of large N fluxes. They therefore proposed that estimates of the 
additional N recovered by crops following the use of reduced-emission spreading techniques 
may be based on mass-balance calculations of the amount of NH3-N conserved and hence 
available for uptake by crops. 
• It has been suggested that injection and incorporation of manures could increase crop N 
uptake not only by reducing NH3 volatilization, but also by introducing manure-N to the soil 
closer to the roots (Matilla, 2006).  
• This could be particularly important when slurry is injected into soils that have developed a soil 
moisture deficit and hence downward movement of surface applied slurry is constrained. 
However, any effect of placement could also be due to improved uptake of manure-P rather 
than manure-N. 
 
Other agronomic consequences of adopting reduced-NH3 emission techniques 
The review of Webb et al. (2010) summarised these as follows. 
 
Impacts on crop yield 
• Yield can be reduced by slot injection and by trailing shoes. Damage from slot injection can 
arise from the injector cutting contact between roots and soil, while the trailing shoe may lead 
to damage if there is inadequate depth control. However, effective injection appears to be able 
to compensate for these losses, by increasing N supply. 
 
Impacts on timeliness of application 
• Reduced-emission techniques such as the trailing hose, trailing shoe and slot injection may 
allow more working days in spring than the conventional splash plate. By increasing 
opportunities to apply slurry in spring, when crop demand for N is greatest, rather than in 
summer if this is the usual practice, N recovery from slurry and crop response to that N can be 
increased. However, not all locations are limited by available machinery working days in 
spring. 
 
Impacts of grass silage quality 
• Application by slot injection and, particularly by trailing shoe, can increase flexibility of slurry 
management by allowing more spreading at shorter intervals before cutting than with 
conventional surface broadcasting, without detriment to silage quality.  However, if the grass is 
allowed to grow too tall before injection coulters may fail to penetrate the soil leading to sward 
damage and silage contamination. Overall, trailing shoe appears less likely to lead to sward 
damage or herbage contamination, while producing increases of crop N offtake generally 
equal to those obtained when slurry was applied by injection. 
 
Impacts on grazing 
• Similar effects have been reported with respect to the palatability of herbage, when slurry was 
applied to taller grass there was a reduction in efficiency of application by injector and a 
decrease in palatability. But when slurry was applied to shorter grass, following silage cutting, 
the cattle responded as well to pastures on which injection was used as to trailing shoe, and 
both were better than surface application. 
 
3.3.2.5. Manure treatment prior to application 
Anaerobic digestion 
Normally, slurry is co-digested with energy-rich organic wastes to obtain greater energy production 
and thereby a better economy of the biogas plant. It is therefore difficult to make a direct comparison 
between the properties of digested and undigested slurry under practical conditions. In a direct 
comparison between digested and undigested pig and cattle slurries (without co-digestion) Sørensen 
and Møller (2009) found an increase in the release of mineral N in incubated soil equivalent to 15-20% 
of the slurry N. Kirchmann and Lundvall (1993) similarly found an increase in mineral N after soil 
incubation of digested pig slurry equivalent to 11% of slurry N. A summary of relevant papers is 
presented in tabular form below. 
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Anaerobic Digestion 
Authors(s) de Boer (2008) 
Experiment Replicated pot experiment 
Treatments Five co-digested pig slurries were compared with their raw source slurries. The 5 co-products 
came from the food-processing industry 
Manures Pig slurry 
Soil Sandy 
Crop Ryegrass 
Results Crop recovery of N from surface-applied pig slurry increased by c. 10% as a result of digestion, 
i.e. from 39-51%. Re-calculation of the data showed an increase in the mineral N fertilizer 
equivalence from 75% for undigested pig slurry to 95% for the digested slurry. 
Conclusion The author concluded this could have been due to less NH3 emission from digested slurry, 
greater available-N or a mixture of both. 
  
Authors(s) Schröder et al. (2007) 
Experiment Replicated field experiments 
Treatments Grassland 
Manures Digested or undigested cattle slurry by means of open slot injection 
Soil Cattle slurry 
Crop Loamy sand 
Results Manure-N uptake was greater for digested than for undigested cattle slurry, NFRV was 60% in 
year 1 for digested slurry and 52% for undigested.   
Conclusion The results overall generally showed a positive relationship between crop recovery and the 
mineral-N to total-N ratio of the manure. 
  
Authors(s) Chantigny et al. (2007) 
Experiment Replicated field experiments 
Treatments Three slurries: raw; digested and separated pig slurry applied to land by means of the trailing 
shoe 
Manures Pig slurry 
Soil Sandy loam and loam soils 
Crop Grassland 
Results Even though the differences were not always statistically significant, crop N uptake tended to 
be greater with treated than with raw pig slurry.  
Conclusion The authors hypothesized that the greater crop N uptake with the treated than with the raw pig 
slurry was partly due to the reduction in NH3 losses. In addition, the proportion of N as TAN 
tends to be increased by anaerobic digestion. However, the reduced C content of the treated 
pig slurry may also have resulted in a greater N availability compared with raw pig slurry 
because the decomposition of undigested pig slurry C may induce soil N immobilization 
(Kirchmann and Lundvall, 1993), thereby interfering with plant N uptake. 
  
Authors(s) Wulf et al., 2002 
Experiment Replicated field 
Treatments Anaerobic digestion with bio-waste (household)/acidification 
Manures Beef cattle slurry 
Soil Poorly drained Stagno-gleyic Luvisol 
Crop Grass 
Results Emissions after digestion or acidification of the slurry were similar and significantly less 
(p<0.05) compared with untreated slurry. The causes of reduced NH3 losses from digested or 
acidified slurries have very different reasons. Acidification decreased the pH of the substrate 
retarding NH3 volatilization, whereas digestion resulted in smaller dry matter content and thus 
allowed faster infiltration of the substrate. This confirms experiments conducted by Rubaek et 
al. (1996) who reported NH3 emissions of approximately 35% after TH application of digested 
slurry compared with 45% from untreated slurry.  
Conclusion Nevertheless this reduction of NH3 losses seemed to be limited to warm and dry weather, 
because in the same study, when infiltration was generally impeded due to high soil moisture 
content, no reduction of NH3 emissions could be observed. 
  
Authors(s) Pedersen, 2001 
Experiment A large number of field experiments 
Treatments The digested slurry used in these experiments consisted of a mixture of pig and cattle slurries 
co-digested with other organic wastes. 
Manures Pig slurry, cattle slurry, and digested slurry 
Soil  
Crop  
Results Pedersen (2001, Figure 9) shows an average MFRV of 57% of total manure N for injected 
cattle slurry, 74% for injected pig slurry, and 82% for injected co-digested slurry. When the 
slurry was applied by surface banding in a wheat crop, the MFRV was generally less owing to 
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greater NH3 volatilisation. The MFRV for the digested slurry was only 64% after surface 
application.  
Conclusion Even though the digested slurry has a better soil infiltration that reduces NH3 volatilisation due 
to a lower dry matter content, the higher pH still result in a significant NH3 volatilisation after 
surface application. 
 
In fertilizer planning, the greater N availability of the digested manure in the first year should be taken 
into account or there may be increased leaching losses, due to an excess of plant-available N. 
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Figure 10. Nitrogen fertilizer replacement value of cattle slurry, pig slurry, and digested slurry applied 
to winter wheat by direct injection or surface banding. Average of 12 years’ on-farm experiments in 
Denmark (data from Pedersen, 2001). 
 
The reduced content of organic N in the digested slurry also means that the potential long-term NO3- 
leaching losses from mineralized N can be reduced and that the residual fertilizer N effects in the 
years after application are less (Schröder et al., 2007). 
 
In conclusion: 
• Crop recovery of N from surface-applied pig slurry has been reported to increase by c. 10% as 
a result of digestion. 
• Results generally show a positive relationship between crop recovery and the mineral-N to 
total-N ratio of digestate. 
• The reduced C content of digestate may also give greater N availability because the 
breakdown of labile slurry C during digestion may reduce soil N immobilization following 
digestate application. 
• In fertilizer planning, the greater N availability of the digested manure in the first year should 
be taken into account or there may be increased leaching losses, due to an excess of plant-
available N. 
• The reduced content of organic N in the digested slurry also means that the potential long-
term NO3- leaching losses from mineralized N can be reduced and that the residual fertilizer N 
effects in the years after application are less. 
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Composting 
Authors(s) Esteller et al. (2009) 
Experiment Field 
Treatments Conventional stabilized biosolids and composted biosolids. Conventional stabilization was 
carried out at a municipal wastewater treatment plant and comprised sedimentation, addition of 
ferric chloride, aerobic digestion and addition of ammonium sulphate  
Manures Inorganic fertilizer, biosolids or composted biosolids 
Soil Clay loam 
Crop Grain maize 
Results No significant difference in crop yield or N uptake among inorganic fertilizer, biosolids or 
composted biosolids. 
Conclusion One perceived environmental advantage of composting organic manures before land 
application is a decreased potential for NO3- leaching due to reduced N mineralization rates in 
soil by delaying the conversion of organic-N to NO3--N. However, the low mineralization rate 
may be both an environmental and an agronomic shortcoming. The lack of control over the 
timing of subsequent mineralization may lead to mineral N being available at times of the year 
when there is little plant uptake and hence in the longer term may contribute to NO3- leaching. 
  
Authors(s) Evanlyo et al. (2008) 
Experiment Field 
Treatments The compost and poultry litter were used to compare two organic sources of N, likely to have 
different availabilities and, possibly, environmental impacts. The fertilizer and control 
treatments were used to compare 100% soluble and completely soil dependent N sources 
Manures Proprietary compost derived from poultry litter and beef manure from a feedlot 
Soil Silty clay loam 
Crop Vegetables 
Results Treatments did not effect vegetable yields, and this was considered due to adequate nutrients 
already in the soil. Asynchrony between timing of compost N mineralization and crop nutrient 
requirement, due to delayed N mineralization in 2001, was considered to reduce corn yields 
compared with the other large N treatments: poultry litter (220 kg/ha N); N fertilizer (amount not 
stated).  
Conclusion Composting reduces the N concentration of the original material and transforms N into stable 
forms whose plant availability is reduced. Cited earlier workers who had had previously 
ascribed poor yield response to compost to inadequate N mineralization. The organic N 
eventually mineralized to contribute significantly to the pool of soil N available to be leached or, 
in this case, assimilated by a winter cover crop. Spreading manure with a large C:N ratio as 
compost instead of as uncomposted manure can be preferable when uncomposted solid 
manure can cause substantial N immobilization. One example is horse manure with a high 
proportion of litter. 
  
Authors(s) Thomsen (2001) 
Experiment Field microplots 
Treatments Labelled manures with 15N in either the faeces, urine or straw component. Half of each manure 
was composted, the other half stored anaerobically by preventing any oxygen supply. 
Manures Three solid manures 
Soil Loamy sand 
Crop Winter wheat 
Results The wheat crop recovered similar amounts of applied 15N from faeces (7.2 and 7.6%) from 
composted and anaerobically stored manure. From the anaerobically stored manure 10.1% 
urine 15N was taken up compared with 8.5% from composted manure. Recovery of straw 15N 
was 5.6% in the anaerobically stored manure and 8.8% in the composted manure. The 
recovery of total manure 15N in the mature winter wheat was 8.1% for composted manure and 
9.6% for anaerobically stored manure. 
Conclusion When adjusted for N losses during storage, the first year 15N recovery in winter wheat was 
equivalent to 8% of N initially present before the anaerobic storage and to only 4% of initial N 
before composting. 
  
Authors(s) Sommer (2001) 
Experiment Field 
Treatments Composted deep litter was applied at a rate of 59 t/ha and incorporated by ploughing into the 
soil immediately after application. For comparison, fresh deep litter was applied and 
incorporated at 59 t/ha, and pig slurry was injected to 5–8 cm depth at application rates of 7.4, 
14.8, 22.2, 29.6 and 37.0 t/ha. 
Manures Deep litter pig manure and pig slurry 
Soil Sandy loam 
Crop Spring barley 
Results Compost had a significantly smaller fertilizer efficiency than deep litter manure applied to the 
field directly after emptying the livestock building. No estimate was made of N recovery in 
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subsequent years 
Conclusion This was due to composting reducing the first year fertilizer value of the deep litter, because 
losses of N during storage reduced the TAN available to plants after application in the field. 
 
These results suggest that FYM should be applied in systems that operate under organic farming 
principles: i.e. aim at a coverage of the soil by crops during the whole year. FYM will not serve as an 
optimum fertilizer in conventional cropping systems with some period of bare soil during the year. In 
colder regions when the rate of mineralization over winter is negligible, application of FYM to such 
conventional cropping systems might be an option provided it is incorporated to minimize the risk of 
runoff. The application and use of compost including its advantages and disadvantages must be seen 
in the frame of whole production systems. 
 
An effective option for improving the use of N in solid manures may be to use them for anaerobic 
digestion (co-digestion with slurry). The digestate may then be stored and applied as a slurry using 
covered storage and direct injection. Solid manures are already widely used in Danish commercial 
digesters (co-digestion with slurry in liquid flow-digesters), but on a relatively small scale. Both deep 
litter and solid fractions from slurry separation are used. They increase the energy production per 
digester volume (Møller et al., 2007). A problem can be excessive NH3 concentrations in digesters 
(Møller et al., 2007). P. Sørensen (pers. comm.) has unpublished results showing that the availability 
of faecal N can be significantly increased by the digestion. However, UK studies have rejected the 
routine addition of FYM to anaerobic digestors. While it is recognised that in principle it is also possible 
to recover CH4 from FYM that contains straw or other bedding materials, research has shown that 
FYM is prone to a great deal of problems when digested. Digestion of FYM has been studied in an 
accumulation system at a filling time of 60 days followed by about 50 days batch digestion at 40°C and 
50°C (El Mashad et al., 2003). These systems suffered from poor mixing, which also promoted 
stratification of the substrate and intermediate products leading to inefficient or indigestible feedstock 
mixes. In controlled and experimental systems FYM has been shown to be digestible, but is 
impractical for use in a commercial anaerobic digestion plant. Hence there appears to be a need for 
further study to determine the reasons for these different conclusions. 
 
In conclusion: 
• Asynchrony between timing of compost N mineralization and crop nutrient requirement, due to 
delayed N mineralization of stabilized N, may reduce crop yields compared with other forms of 
N. 
• The lack of control over the timing of subsequent mineralization may mean that compost-N 
becomes available at times of the year when there is little plant uptake and hence in the 
longer term may contribute to NO3- leaching. Fertilizing with composted FYM should go hand 
in hand with a whole year coverage of the soil with crops. Periods with bare soil should be 
limited to a minimum. 
• An effective option for improving the use of N in solid manures may be to use them for AD (co-
digested with slurry). 
• However, there have been contrasting experiences with the practicalities of including FYM in 
substrates for digestion and in some MS, due to these previously reported difficulties, there is 
a reluctance to consider co-digestion of FYM. In our view the technological problems with 
FYM digestion have been solved and FYM can be used for biogas production without 
difficulties. 
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Slurry separation 
Authors(s) Bhandral et al. (2009) 
Experiment Field 
Treatments Mechanically-assisted infiltration (MAI), which was carried out by manually banding the slurry 
over aeration slots, and slurry separation to estimate impacts on crop N uptake by grass 
together with NH3 and N2O emissions. 
Manures Cattle slurry 
Soil Silty to sandy loam 
Crop Grass 
Results Despite consistent reductions in NH3 loss using MAI (average 18.3 kg N/ha), significant 
increases in crop N uptake were observed only for decanted manure in summer of 2005 and 
2006. In spring and summer trials, an average of 20.9 kg NH3-N/ha was conserved in the soil 
with MAI, but MAI increased crop N uptake by only 9.6 kg/ha during the same period. On 
average, the manure apparent N recovery (determined in three trials) was only 3 to 14%. 
Conclusion The effect of MAI on N uptake was inconclusive in this study despite substantially reduced 
NH3 losses, probably due to the generally low crop N recovery. Multi-year trials are needed 
to assess the long-term economic and environmental benefits of applying manure using 
improved infiltration strategies that reduce losses and accumulation of N and P 
  
Authors(s) Sørensen and Thomsen (2005) 
Experiment PVC cylinders inserted into a soil 
Treatments Effects of separation on crop utilization and N loss using 15N-labeled slurry. Separation and 
ploughing under were both simulated. 
Manures Pig slurry 
Soil Loamy sand 
Crop Spring barley and winter wheat 
Results Nitrogen recovery was greater from the liquid fraction than from unseparated slurry in both 
wheat and barley. However, N recovery was similar when the uptake by the separated 
fractions was totalled in comparison with whole slurry at 82% NFRV for weighted separated 
slurry with 81% for whole slurry to spring barley in 2001, and 66-69 and 69% for w wheat in 
2002.  
There were further small uptakes (1-3%) of slurry-N in the cover crop after barley and 1.7-
4.5% in second year crop. These results were comparable with other 15N studies.  
Conclusion The overall utilization of N is unaffected by slurry separation when the manure fractions are 
applied to the same crop as the unseparated slurry, but the N use efficiency can be 
improved after separation by using the liquid in the winter crop and using the solid residue on 
other areas where it can be incorporated in spring. 
  
Authors(s) Mattila et al. (2003) 
Experiment Field 
Treatments Untreated, aerated or separated slurry 
Manures Cattle slurry 
Soil Clay loam in SW Finland and fine sand and peat in northern Finland 
Crop Grass ley 
Results Recovery from separated slurry was significantly greater only in 1997 (P < 0.009). 
Conclusion Separation may increase N recovery compared with surface application of untreated slurry 
but the effect is uncertain and depends more on climate and soil conditions.  
  
Authors(s) Dosch and Gutser (1996) 
Experiment Field and pot 
Treatments Mechanical separation and application by surface broadcast or injection. Separated slurry 
was applied either by broadcasting or by band spreader. Unseparated slurry was applied by 
injection or band spreader. 
Manures Cattle slurry 
Soil Clay loam 
Crop Field: winter wheat; pot: oats 
Results When separated slurry was applied by broadcasting NH3 emissions were reduced, and N 
availability increased when compared with broadcast application of whole slurry. However, 
there were no differences in NH3 emissions when separated and unseparated slurry were 
applied by band spreading. Injection reduced NH3 emissions following the application of 
whole slurry compared with application by band spreader. 
Conclusion Due to a reduced C content the separated slurry showed a lower N immobilization and 
consequently a better utilization of the applied NH4-N during the first vegetation period. 
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In conclusion: 
• Slurry separation does not appear to provide any consistent increase in manure-N efficiency 
when the manure fractions are applied to the same crop as the unseparated slurry. 
• But N use efficiency can be improved after separation by using the liquid in the winter crop 
and using the solid residue on other areas where it can be incorporated in spring. 
 
Slurry acidification 
Ammonia volatilization is significantly influenced by manure pH and volatilization after slurry 
application may be significantly reduced by acidification of slurry by addition of sulphuric or nitric acid 
(Stevens et al. 1989; 1997). A system with acidification of slurry in buildings is now used in Denmark 
where slurry pH is reduced to about pH 5.5 by adding sulphuric acid. The system has been 
documented to reduce NH3 volatilization from housing, storage and application of pig slurry by about 
70% (Kai et al., 2008).  Kai et al. (2008) calculated that this could result in 32% more slurry N being 
available to the crop when comparing systems without coverage of the slurry storage. Ammonia 
emission reduction of about 50% is reported by similar acidification of cattle slurry. Kai et al. (2008) 
calculated that NH3 emission is reduced from 15% to 4.8% of total N from buildings and from 9% to 
1% from storage by acidification of pig slurry to pH 5.5 under Danish conditions. That means that the 
acidified pig slurry contains 26% more total N than untreated slurry after storage. This calculation is for 
uncovered storage. Under conditions with covered storage it can be calculated that acidified pig slurry 
contains about 15% more N than untreated slurry based on Kai et al. (2008).  
 
A slurry tanker with controlled addition of sulphuric acid to slurry during application is now also 
marketed in Denmark (Nyord, 2011). In contrast to acidification with nitric acid, which has been shown 
to increase emissions of N2O no impact on N2O emissions has been reported when acidification is by 
sulphuric acid. One set of measurements from DK showed no increase (Sørensen pers. comm.). 
 
Sørensen and Eriksen (2009) measured the effects of slurry acidification with sulphuric acid combined 
with aeration on the turnover and plant availability of N in 70 L plastic containers and small plots. 
Slurry was applied by simulated incorporation before spring barley and simulated trailing hose 
application in winter wheat. Acidified cattle and pig slurry were applied. The pig slurry was obtained 
from a farm where half is acidified. Aeration of acidified slurry for 6 h or 4 d. Untreated controls and 
acidified without aeration. 
 
Neither acidification nor aeration had any effect on N dynamics in soil. 
 
Acidification of pig slurry increased the NFRV from 74% of total N to 101–103% of total N compared 
with untreated pig slurry applied by surface-banding to winter wheat. The NFRV of cattle slurry was 
39% for the untreated and 63–66% for the acidified slurry applied to winter wheat. Thus acidification 
resulted in an NFRV that was about 25% greater for the surface-banded slurry. A similar increase of 
NFRV after surface application of acidified pig slurry to wheat was found by Kai et al. (2008). In barley 
the NFRV was 93% for the untreated pig slurry and about 100% for the acidified pig slurry (90% for 
on-farm acidified), and the NFRV of cattle slurry was 59% for untreated and 61–68% for the acidified 
cattle slurries. After the application of slurry to a barley crop by incorporation there were only non-
significant, positive effects of acidification on N utilization in the field, indicating that NH3 volatilisation 
was low with all slurry treatments. The authors offered no definite explanation for the NFRV in excess 
of 100%. They suggested that priming effects of slurry on soil C and N turnover could be involved, as 
a total mineralisation of the entire organic manure N applied would be unlikely. 
 
About 50-100 in-house acidification units are now installed on farms in DK, but due to the costs it is 
mainly expected to be used in areas with severe restrictions on NH3 emission from livestock, and only 
by establishment of new livestock buildings. 
 
In conclusion: 
• Acidified pig slurry may contain from 15 to 25% more available N than untreated slurry after 
storage, the increase being greater for uncovered storage. 
• Acidification has been shown to increase NFRV by about 25% for surface-banded slurry. 
• Due to the large costs acidification is mainly of use in areas with severe restrictions on NH3 
emission from livestock. 
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3.3.2.6. Long term (residual) uptake of manure-N 
Results of the review are summarized in tabular form below. 
Authors(s) Schröder et al. (2005) 
Experiment Replicated field experiments 
Crop Silage maize 
Treatments Cattle slurry injected to 10-15 cm 
Manures Cattle slurry.  
Soil Fine sandy 
Results Residual effects were due to mineralization in the growing season in which the effects were 
measured and not from carry over of residual mineral-N. The N fertilizer AFR was estimated 
to be 60% in this study, hence slurry apparent N recovery was 33-36% in the first year. The 
slurry was reported to contain 53% TAN, hence the reported first year apparent N recovery 
was c. 65% of the TAN.  
Conclusion(s) NFRV increased from 55-60% for the first year to 80% if measured over 6-8 years.  
  
Authors(s) Sørensen (2004) 
Experiment Replicated micro plots 
Treatments 15N-labelled TAN 
Crop Spring barley 
Manures Cattle slurry 
Soil Sandy loam 
Results In the two years following application of cattle slurry amended with 15N-labelled TAN the N 
uptake in barley in 1997 was 2–4 kg N/ha greater on the slurry-treated plots compared with 
the mineral N treatment, and N uptake with the cover crop 1997 was 3–5 kg N/ha greater on 
the slurry-treated plots. However, none of these differences were statistically significant (P < 
0.05). In 1998 there were also no significant differences in N uptake. 
Conclusion While a significant proportion of ammonium N in cattle slurry is immobilized shortly after 
application to soil, the fertilizer value of the slurry may be slightly less or equal to the TAN 
content when gaseous N losses are avoided due to mineralization of organic N in the slurry. 
The immobilized N is only slowly released and contributed little to the residual effects in the 
first years. 
  
Authors(s) Anon (NT2106) 
Experiment Field experiments (6 years) 
Treatments Cattle and pig FYM, cattle and pig slurry, layer manure and broiler litter were ‘stripped’ of 
their ammonium-N content by cycles of wetting and drying over a period of 8 weeks. The 
treated manures, containing only residual organic-N, were then applied to soils 
Crop Perennial ryegrass 
Manures As above 
Soil Loamy sand and sandy loam 
Results The mineralization rate of the organic-N was estimated by subtracting the sum of grass N 
uptakes and N leached on the untreated control from the sum of N uptakes and N leached on 
the manure treatments. The initial readily available N content of the applied manures was 
subtracted from the manure N uptake values, assuming 100% efficiency of the readily 
available N applied (inorganic fertilizer N uptake efficiencies were 100% ± 10%). 
Manure organic N release (expressed as a % of the organic N applied) was linearly related to 
thermal time up to c. 2200 cumulative day degrees (CDD) at the site in eastern England and 
c. 2300 CDD at the site in the south west of England. The greater amounts of organic N 
released were from the pig slurry (52% and 67% of organic N applied at Gleadthorpe and 
North Wyke, respectively) and layer manure (36% and 60%, respectively) treatments up to 
2300 CDD. The lesser amounts of organic N release were from the cattle FYM and pig FYM 
treatments at Gleadthorpe (4% of organic N applied for both treatments), and from the cattle 
slurry treatment at North Wyke (10% of organic N applied) up to 2300 CDD. The relationships 
between organic N release and CDD were significant (P<0.01), but varied with manure type. 
The organic N release data from both sites were not significantly different (P>0.05) and were 
pooled in order to derive ‘generic’ functions for modelling purposes. Comparison of 95% 
confidence intervals for the slope of each organic N release relationship showed that the data 
fell into 2 broad groups, with pig slurry and poultry manure having a higher rate of organic N 
release (0.022 * CDD) than cattle/pig FYM and cattle slurry (0.0076 * CDD). Thus in total c. 
50% of the organic-N in pig slurry and poultry manure might ultimately be mineralized and 
potentially available for crop N uptake, but only c. 17% of cattle or pig FYM up to 2300 CDD, 
which in these experiments was reached in the second season after manure accumulation. 
Conclusion A significant proportion of ammonium-N in pig slurry is immobilized shortly after application to 
soil. The rate of release of immobilized N is slow in the year following slurry application and 
most of the immobilized N remains in soil after 2–3 years and contributes to the long-term 
accumulation of soil organic N. The contribution of immobilized N from pig slurry to crops is 
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relatively small, but consistent in the first 2–3 years after slurry application and the 
remineralization rate is similar for slurry- and fertilizer-derived N. The remineralization rate is 
slowest in the higher clay soil and not significantly influenced by soil tillage.  
 
Under humid temperate conditions, the residual N effects of the manure can only be optimally 
utilized when soil is also covered by plants in autumn, because a significant part of the 
residual N will be released in autumn. 
  
Authors(s) Burger and Venterea (2008) 
Experiment Microcosms 
Treatments Manure was added to soil, then covered without mixing to maintain constant density. 
Crop Cotton 
Manures Cattle slurry and FYM, pig slurry and turkey manure 
Soil Clay loam 
Results In cattle slurry-, pig slurry-, and turkey manure-amended soils, net manure N mineralization 
was not apparent, and there was good agreement between initial NH4+ content and available 
inorganic N from the manure. In contrast, in soil amended with dairy FYM, which had the 
lowest initial NH4+ content, 22% of organic N was mineralized. 
Conclusion These data suggest that, for cattle slurry, pig slurry, and turkey manure, estimates of first-
season available N would be improved by measuring manure NH4+. 
 
Livestock diets and manure composition 
Sørensen and Fernández (2003) measured the effects of diet on the composition of pig slurry and on 
the plant utilization of pig slurry N using micro plots. In total 8 diets for growing pigs and 4 for sows 
were studied. The slurry was added to a loamy sand soil by simulated direct injection to 10 cm. The 
test crop was spring barley.  
 
There was no significant correlation of NFRV with slurry NH4, but there was with N in slurry DM and a 
negative correlation with slurry C:N. The NFRV of slurry N from growing pigs could be well predicted 
from the enzyme digestible organic matter of the feed.  
 
The utilization of N in pig diets has improved during recent years, due to the more efficient use of 
protein by the incorporation of synthetic amino acids in the diets. It has been discussed whether this 
would result in reduced utilization of manure N, as a smaller proportion of N is excreted in urine and 
more in faeces. These results show that for diets with a high proportion of highly fermentable fibre, the 
protein content and proportion of urine N has a negligible influence on the potential utilization of slurry 
N, whereas for diets with a large proportion of straw (less fermentable fibre), the utilization of slurry N 
is less. So, for pigs at least reduced N diet would not automatically reduce the proportion of manure-N 
available to crops. 
 
The availability of cattle slurry N is related to the dietary protein and fibre concentration, and the 
availability of it is reduced by reduced protein concentrations (Sørensen et al., 2003; Reijs et al., 
2007). 
 
In conclusion:  
• These data suggest that, for cattle and pig slurries and for poultry manures good estimates of 
first-season available N may be obtained by measuring manure NH4+.  
• Manures which contain a large proportion of crop available N, and have a large NFRV in the 
season of application, tend to have a smaller NFRV in subsequent seasons than litter based 
cattle and pig manures with limited NFRV in the season of application. For pigs at least 
reduced N diets do not automatically reduce the proportion of manure-N available to crops. 
 
UK soil N supply estimates 
In UK fertilizer recommendation system RB209 (Anon., 2010) fertilizer N recommendations are based 
on estimates of the soil N supply (SNS). The SNS is 'the amount of nitrogen (kg N/ha) in the soil (apart 
from that applied for the crop in manufactured fertilizers and manures) that is available for uptake by 
the crop throughout its entire life, taking account of nitrogen losses.' 
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The SNS is different to, but includes Soil Mineral Nitrogen (SMN). The calculation of SNS must include 
three separate components of N supply as follows.  
 
SNS = SMN + estimate of N already in the crop + estimate of mineralizable soil N 
 
where: 
• SMN (kg N/ha) is the NO3--N plus NH4+-N content of the soil within the potential rooting depth 
of the crop, allowing for N losses. 
• N already in the crop (kg N/ha) is the total content of in the crop when the soil is sampled for 
SMN. 
• Mineralizable soil N (kg N/ha) is the estimated amount of N which becomes available for crop 
uptake from mineralization of soil organic matter and crop debris during the growing season 
after sampling for SMN. 
 
The SNS depends on a range of factors which commonly vary from field to field and from season to 
season. The key factors influencing SNS are: 
• N residues left in the soil from fertilizer applied for the previous crop. 
• N residues from any organic manure applied for the previous crop and in previous seasons. 
• Soil type and soil organic matter content. 
• Losses of N by leaching and other processes (the amount of winter rainfall is important). 
• Nitrogen made available for crop uptake from mineralization of soil organic matter and crop 
debris during the growing season. 
 
The amount of N mineralized from past applications of organic manures (over 1 year old) is difficult to 
estimate. The amount will generally be small. It can be greater where there has been a history of large 
regular applications of organic manures and in these situations farmers are advised that it can be 
worthwhile to sample the soil and analyse it for SMN. 
 
In conclusion:  
• For fields with a history of large regular applications of organic manures it can be worthwhile 
to sample the soil and analyse it for SMN. (not related to soil type). 
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3.3.3. Case Studies 
These case studies cover the Mediterranean, Continental European, Atlantic, northern European and 
Alpine climatic zones, with different soil and climatic conditions and a range of agricultural practices. 
Case studies report in detail the impact of different manure management approaches on manure-N 
efficiency for a specific crop rotation and fertilization practice that is common for the specific area. The 
objective of including these will be to identify potential means of increasing manure-N efficiency in 
similar farming systems in other parts of the EU. 
 
3.3.3.1. Slurry used on pig and cattle farms in Denmark (northern case) 
In Denmark more than 80% of manure N is applied as slurry, and more than 96% of pig manure in 
Denmark is as slurry. In Table 22 typical NFRVs of pig slurry in the year of application and residual 
effects in the following 10 years are estimated for the most common crops on pig farms which are 
winter wheat, spring and winter barley and winter oilseed rape. 
 
Table 22. Utilization of manure N in a typical crop rotation on pig farms in DK with pig slurry. Loamy 
sand – sandy loam soils with 10-20% clay. Annual precipitation: 600-800 mm. NFRV: mineral fertilizer 
replacement value. (Petersen and Sørensen, 2008) 
Crop Application 
time 
 
Manure application method Estimated 
MFRV 
1. year 
(% of total N) 
Estimated 
residual N effect 
(within 10 yr) 
(% of total N) 
Winter wheat Mar-May Trailing hose on crop 65 7 
Winter wheat 
second year 
Mar-May Trailing hose on crop 65 7 
Spring barley  Mar-April Direct injection* (7-12 cm depth) 75 7 
Winter barley Mar-May Trailing hose on crop 65 7 
Winter oilseed rape August 
Mar-April 
Direct injection in August 
Trailing hose on crop 
65 
65 
7 
7 
*) Direct injection is mandatory in Denmark on fodder grass and before sowing a new crop. 
Average TAN in pig slurry in DK: 78% of total N (Hansen et al. 2008) . 
Typical application rate: 25-30 t/ha. 
 
Pig slurry is only infrequently applied to forage grass in Denmark. Pig farms do not normally have 
grass in the crop rotation and cattle farms (which will have grass) usually have no capacity to receive 
additional livestock manure. 
 
In Table 23 typical NFRV of cattle slurry in the year of application and residual effects in the following 
10 years are estimated for the most common crops on dairy farms. The most common crops on dairy 
farms are clover grass, silage maize and spring barley. 
 
Table 23. Utilization of manure N in a typical crop rotation on cattle farms in DK with cattle slurry. 
Sandy soils 5-10% clay. Annual precipitation: 600-900 mm. NFRV: nitrogen fertilizer replacement 
value. (Petersen and Sørensen, 2008) 
Crop Application 
time 
 
Manure application method Estimated NFRV 
1. year 
(% of total N) 
Estimated residual 
N effect 
(within 10 yr) 
(% of total N) 
Spring barley Mar-April Direct injection*) 
(7-12 cm depth) 
65 13 
Clover grass 1.yr Mar-Aug Open slot injection 53 13 
Clover grass 2. yr  Mar-Aug Open slot injection 53 13 
Spring barley Mar-April Direct injection* (7-12 cm depth) 65 13 
Silage maize Mar-May Direct injection*) 
(7-12 cm depth) 
68 
 
13 
*) Direct injection is mandatory in Denmark on fodder grass and before sowing a new crop. 
Average TAN in cattle slurry in DK: 58% of total N (Hansen et al. 2008) . 
Typical application rate: 25-40 t/ha. 
 
Evaluation of manure application methods currently used 
The use of direct injection before spring sowing gives the greatest first year utilization of slurry N and it 
is widely used by farmers on a voluntary basis in Denmark. From 2011 it has become mandatory in 
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DK to use injection before sowing a new crop and also by slurry application on fodder grass 
(alternatively slurry must be acidified and applied by trailing hose). However, on pig farms winter 
cereals are grown widely and here trailing hose application works well, especially with pig slurry. 
These application methods can be recommended in all MS.  
 
It should be noted that direct injection can be difficult to apply on heavily textured soils as the soil is 
often too wet or too dry for tillage much of the time. Injection is also problematic on steep sloping 
areas as the newly added slurry may start flowing in the slots/ridges formed by the injection, resulting 
in slurry accumulating in low parts of the field and a poor distribution of nutrients. 
 
Compared with the normally used trailing hose application in cereal crops, NH3 losses can be reduced 
and N uptake further increased by injection in crops or by slurry acidification. However, cereal yields 
are normally not increased but only the protein concentration by open slot injection. This is because 
the crop is damaged somewhat both by injection tines and by increased wheel compaction/damage as 
a result of a narrow working width with slurry injectors. Some efforts are currently made to improve 
injectors for use in crops, by increasing the working width of injectors and decreasing crop damage. 
 
The use of slurry acidification is an efficient measure that can increase slurry N utilization by trailing 
hose application to the level as obtained by direct injection (Kai et al., 2008; Sørensen and Eriksen, 
2009). However, it is normally too expensive compared with the nutritional benefits (Kai et al., 2008). 
Slurry acidification is used on some farms in DK due to restrictions on NH3 emission. A new technique 
with slurry acidification directly on the slurry tanker is now marketed in DK (http://biocover.dk/). 
 
Conclusions 
• This case study indicates that the application of slurry by reduced NH3 emission techniques 
increases manure-N efficiency compared with broadcast application. 
• The use of direct injection before spring sowing gives the greatest first year utilization of slurry 
N and it is widely used by farmers on a voluntary basis in Denmark.  
• From 2011 it has become mandatory in DK to use injection before sowing a new crop and also 
by slurry application on fodder grass (alternatively slurry must be acidified and applied by 
trailing hose).  
• However, on pig farms winter cereals are used widely and here trailing hose application works 
well, especially with pig slurry.  
• These application methods can be recommended in all MS to increase manure-N efficiency. 
• It should be noted that direct injection can be difficult to apply on heavily textured soils.  
• Injection is also problematic on steep sloping areas. 
 
3.3.3.2. Pig slurry used on arable crops in Spain (southern case) 
Overview 
The LEGARSADA farm is in Legarda (12 km from Vitoria in the Mediterranean part of the Basque 
country) characterized by 600 mm rainfall/year, dry summers and cold winters. The main crops are 
cereals in rotation with maize. Manure is applied using an injection system with applications supplying 
up to 210 kg N/ha. There is no specific timetable for manure spreading: time of application is 
determined by storage capacity; applications are made when stores need to be emptied, leading to 
high N inefficiency. 
 
Farm  type 
The case study farm has an open cycle of pig fattening. There are 1750 fattening  pigs. Piglets enter 
the farm at 40 days and they are sold when they reach 120 kg.  
 
Management 
The farm comprises two buildings housing the finishing pigs, two slurry storage pits, four drinking 
water stores and four feed storage bins (two for each building). The pigs are housed in cubicles with a 
capacity of 10 pigs (0.7 m2/pig), with part of the floor slatted and part concrete (to lie down). There is a 
feeder and a bowl type drinker (which leads to less water loss than other drinking systems). The only 
problem with the drinking bowl is that animals may defecate in it. The food is distributed through two 
pipes that go to the feeder and food is rationed electronically. At first, the animals are fed with large 
proportions of protein and, as they continue to grow, the proportion of protein is reduced and that 
providing energy is increased (phase feeding). Medicines are provided through the water and feed. 
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The buildings are cleaned using pressure hoses. When finished a cycle of fattening pigs is removed 
from the building. When empty the building is disinfected and poisons put down to remove vermin. 
This gap has a duration of 1 week. As a Best Agricultural Technique under IPPC, they have used 
different commercial products in order to reduce odours. At the moment, the farmer is using a 
suspension of bacteria and enzymes (Gel 60 slurry), which is applied within the building and is more 
effective in summer  because of the high temperatures. 
 
The buildings are naturally ventilated as part of the roof is open and has windows on both sides. Not 
sprayed. The buildings are equipped with solar panels (the owner sells the energy and plans to  
amortize the investment in 10 years). 
 
Slurry storage 
There is an indoor ditch that collects the slurry. This pit is emptied by opening doors and out to a 
larger external pit through a pipe. 
 
Outside of the buildings, there are two pits: 
 
• Pit 1: is situated next to the vessels and is covered by a crust. 
 
• Pit 2 is the most recent pit to be built and has a greater capacity than pit 1. This pit has a 
depth of 6 m, is not covered and the slurry stirred before removing the manure to be applied in 
the field. Dirty water and rainwater are also stored in this pit. 
The pit is emptied  in summer. The farmer is planning to separate the liquid  and solid phase of the 
manure stored in pit 2. This will produce a cleaner liquid phase (without impurities) for subsequent 
application in the field and a solid phase with high dry matter. 
 
Field application of slurry 
The greatest NH3 losses are associated with land application of manure (35%-45%) (Meisinger and 
Jokela, 2000). In this document (section 3.2) NH3 losses in the first 12 hours after slurry application 
are reported to reach 60%  of total N. In Mediterranean areas, with soils of a high pH and high 
temperatures, NH3 volatilization represents one of the main N losses. Hence the method of manure 
application is a key determinant in order to diminish N losses and thus increase N efficiency. This is 
one of the agricultural practices that is being implemented in the farm studied. The application of 
manure in the field is done during the preparation of the field soil prior to planting, using an injection 
system. The slurry is buried at a depth of 10-15 cm. To do this, the farmer uses a tank with 7 outputs 
(16,000 L capacity) and with a filter to remove impurities in the slurry. 
 
The farmer empties the pits twice per year and although there is no timetable and this operation is 
regulated by the pit capacity (it is emptied when the pit is full) he attempts to do the main application of 
slurry in spring (early May) immediately before the maize sowing. The fertilized crop is a rotation of  
maize-wheat-barley. The maximum application allowed is 210 kg N/ha. To fill potential shortfalls in P 
and K mineral fertilizers are applied. The plots belong to the farmer himself and are near the pig farm. 
A small portion of the slurry is used by other farmers. 
 
Environmental problems 
One of the biggest problems for this farm is that of odour, and the farm has received several 
complaints from neighbours in Legarda. The farm complies with the distance to residential areas, etc. 
As a measure to reduce the smell, the farm has applied different commercial products (bacteria, 
enzymes). 
 
Annex (farm characteristics) 
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1. FARM IDENTIFICATION
Reference code (optional)
Name of farm LEGARSADA
Address of farm
Country / region Legarda (Araba)
Name of farm manager or contact Pepe
Telephone
e-mail
Main activity
2. GENERAL FARM DESCRIPTION
Total land area 25,62  hectares
Area of farmland that can accept manure 25,62  hectares
Area of neighbouring farmland available to accept manures 19,09  hectares
Main soil type (sandy, clay, loam ………..) sandy and clay
Mean ground slope (0-2 : level; 2-5 gentle slope; 5-10 hilly; 10-20 steep) 0-2  degrees
Rainfall winter (october to march)  mm Total rainfall 759
Rainfall summer (april to september)  mm
Winter temperature range Min. 3,2  deg.C
Summer temperature range Max. 35,4  deg.C
Land use (farmer's own land) %
Annual crop production 100
Permanent crops and orchards
Permenant grassland for grazing
Forest 
Rough ground (non productive)
Buildings and hardstanding
Distance from farm to nearest private housing 500  metres
Distance from farm to nearest village or town 500  metres
Distance from farm to nearest surface water (river, lake …….) 1500  metres
3. LIVESTOCK DETAILS
Number Min wgt Max wgt 
kg kg Bedding or Concrete Slatted Outside Outside 
or litter scraped floor yards pasture
PIGS
Sows
Boars
Piglets
Fattening 1750 25-35 120 20% without s 80%
CATTLE
Dairy cows 
Beef cows
Calves
POULTRY
Broillers
Layers
Ducks (all types)
Turkeys
FARM QUESTIONNAIRE
Main housing associated (tick all that apply)
 Pigs Poultry  Dairy cattle
 Other (please state)
 Crops Beef cattle
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4. MANURE MANAGEMENT
APPROXIMATE ANNUAL VOLUMES PRODUCED 
Slurry (all types) 4080 m3 per year
Other dilute effluents (dirty water, wastewater etc)  tonnes per year
Farm yard manure (bedding + excrement)  tonnes per year
Other solid wastes including poultry litter  tonnes per year
STORAGE CAPACITIES 
Within builidings 
All internal store types including channels and pits  tonnes
Outside buildings at farm
Storage pits (below ground) - liquid 4000  m3
Above ground vessels (all materials) - liquid  tonnes
Lagoons - liquid or semi-solid  tonnes
Bunkers or concrete surfaces (solids only)  tonnes
Away from farms
Field heaps - solids only  tonnes
Lagoons - liquid or semi-solid  tonnes
Above ground vessels (all materials) - liquid  tonnes
LAND-SPREADING (all wastes)
%
On what ground type ?
On bare soil prior to sowing 50
On grassland
On growing crops, orchards or forests 30
On ground not used for agricultural production
Exported out of area 20
Other (please specifiy)
When ? %
Spring (March-May inclusive) 30
Summer (June-August inclusive) 20
Autumn (September-November inclusive) 45
Winter (December-February inclusive) 5
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5. ENVIRONMENTAL IMPACT AND ABATEMENT
What environmental factors can be linked to the farm Not No impact Minor Major
relevant concern concern
Nitrates → ground water √
Phosphorous → surface waters √
Ammonia (aq.) → surface waters √
Organic matter → surface waters √
Ammonia (gas) → air emission (local) √
Pathogens → surface waters √
Pathogens → air pollution (aerosols) √
Pathogens → soil, crops and/or grassland √
Methane → air emission (global) √
Nitrous oxide → air emission (global) √
Dusts → air emission (local) √
Odour nuisance → air emission (local) √
Which of the following abatement techniques are used or anticipated for the near future
Currently Planned in Not 
used next year used
Feed diet control √
Diet additives √
Dust filtration (from air ventilated from buildings) √
Minimum chimney height for ventilation air √
Air scrubbers and biofilters √
Drying of poultry droppings 
Minimal storage time for manures √
Covers for manure stores √ (crust)
Anaerobic treatment √
Aerobic treatment (including nitrification and de-nitrification) √
Separation and composting systems √
The use of lime √
Spreading using injectors or trailing hoses √
Transporting surpluses out of the region √
Other (please state)
Which of the following abatement controls are used or anticipated
Currently Planned in Not 
applied next year used
Maximum manure application (in cubic metres per hectare per year) √
Maximum manure application (in cubic metres per hectare per day) √
Maximum manure application as kg of nutrient (N or P) per hectare per year)   VULNERABLE ZONE √
Establishment of non-spreading periods √
Weather-based restrictions on land spreading (rain, frost, wind …..) √
Maximum slope on ground suitable for spreading √
Ban on spreading on water-logged ground 
Use of non-spreading zones of X metres wide net to surface water – planted √
Use of non-spreading zones of X metres wide net to surface water – wild √
Maximum animal density LU per hectare of farmers own land. √
Maximum animal density LU per hectare of farmers own land plus that committed by neighbours 
Control of applications as a function of land use or crop type 
Direct incorporation after spreading √
Other (please state)
 
 
This study describes the usual management of manures, the improvements implemented in order to 
reduce gaseous emissions and to use manure-N in a more efficient way. But several actions should 
be implemented in the near future in order to establish accurate estimates of N availability.  
  
To further these aims a complete crop cycle study is planned, in which all the measures related to N 
cycle, on this farm, are to be recorded (NH3 volatilization, NH3-, N2O emissions and plant uptake). By 
these means we can establish, under Spanish conditions, the measures necessary to increase 
manure-N efficiency and define the best practices for this farms and for others in the same region with 
similar porduction systems. 
  
The solid liquid separation will allow comparison of the availability of N concentration of both fractions 
in order to estimate when, and how N would be available and the adequacy, or not, of this treatment 
under Spanish conditions. 
 
Conclusions 
• The Spanish study case has implemented injection technology with two main objectives. First, 
to optimize N use and reduce synthetic fertilizer inputs. This leads to a more environmentally 
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managed farm and it has improved the final farm budget. They are combining this technique 
with manure separation in order to improve injection effectiveness and, with this strategy, they 
intend to store part of the manure as compost that will be available later in the year. 
 
• The other objective is to reduce NH3 volatilization and odours reducing disturbance to 
neighbours.  
 
• Although manure is applied using an injection system no specific timetable for application is 
established. Applications are made when stores need to be emptied, leading to high N 
inefficiency. 
 
• We have observed a partial decoupling between manure production and crop requirement. 
This indicates the necessity of adjusting the N application timetable with the aim of avoiding all 
N losses due following application. The main reason for this decoupling is the crop's growing 
pattern that precludes the application of manure during the growing season because injection 
cannot be used during the growing season of cereals. This fact can be solved through the 
previously mentioned separation and composting of manure to allow longer storage. Another 
measure could be a change in the crops, probably, introducing some pasture area which can 
be fertilized by injection more often.  
 
• Another possible measure is to increase the storage capacity with the aim of doing a rational 
N distribution that fits with crop requirements. 
 
On this farm, changes in agricultural practices have been designed to increase N efficiency, by limiting 
N emissions and reducing N fertilizer inputs. But timing of manure applications is constrained by the 
limited storage capacity. In addition, slurry injection must be done prior to sowing or after harvest 
when the soil is bare, further restricting the scope for applying manures at the optimum time for crop 
uptake. This case study illustrates the need for an integrated approach to manure management to 
increase manure-N efficiency. First storage capacity needs to be adequate to ensure slurry can be 
stored long enough for it to be available for application at times of the greatest crop demand for N. 
Second reduced NH3 application techniques need to be appropriate for the crops grown on the farm. 
While injection is the most efficient slurry application technique with respect to reducing emissions of 
NH3, on farms of this type it might be more appropriate to apply slurry by trailing hose to growing crops 
rather than by injection to bare soil. 
 
3.3.3.3. Pig slurry used on arable land in Styria (Southern part of Austria, Continental) 
Climate in southern Styria 
 
The case study for Austria is situated in southern Styria, a region with continental climate 
(Prettenthaler et al., 2000).  
 
The southern part of Styria is situated in the Illyrian climate zone and is climatically influenced by the 
Mediterranean. The climate is similar to the Pannonian climate in the Burgenland or in Hungary, but 
has higher rainfall. This climate province stretches from the southern part of Carinthia to the southeast 
of Austria. Especially in the autumn the weather is considerably milder than in the more northern areas 
of Styria. This effect results from high-pressure areas coming from the Adriatic Sea (Adriatic highs). 
The summers are slightly warmer, so Leibnitz or other places of Styria are occasionally the warmest 
areas in Austria. The average temperature in January is around 0°C and in July at 22°C. In the high 
summer days more than 30°C are not uncommon and sometimes it also happens that the 
temperatures rise to up to 35°C. 
 
The area is sheltered by the Alps and experiences only very little wind during winters. The pattern of 
rainfall during the year is typical for a continental climate: rainfall during the summer months and only 
very little snowfall during winter. Mean rainfall per year is about 800 mm. Mean annual temperature is 
8 – 10°C. Southern Styria has a long vegetation period: 240 days per year with a mean temperature of 
more than 5°C. Vegetation starts in March and ends in October. Freezing days only occur in the core 
winter months. More details on southern Styrian climate can be found in the “Klimatlas Steiermark” 
(Atlas of Styrian climate) published by the Central Institute for Meteorology and Geodynamics.  
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Pig production and corn maize in southern Styria 
Agriculture in southern Styria is dominated by the production of fattening pigs and grain maize. 
Fattening pigs are fed on grain maize that is grown in Southern Styria. Due to the long vegetation 
period, grain maize varieties with FAO between 320 and 420 are grown. In 2009, grain maize was 
grown on 59,347 ha. A yield of 679 400 t was achieved. 1.830 M fatteners were slaughtered (LK 
Steiermark 2011).  
 
Pig farms in southern Styria have rather narrow crop rotations. Grain maize forms 75-90% of the crop 
rotation while 10-25% is winter barley or winter wheat. Both crops are sown in autumn. Grain maize is 
sown in spring. On 40,000 ha, the crop rotations consist only of grain maize. Pig slurry is stored in 
tanks. Most of the tanks are not covered. Storage capacity has to be at least 6 months.  
 
Fertilization of corn maize with pig slurry 
Table 24 shows an example of how grain maize is typically fertilized in southern Styria.  
 
Table 24. Fertilization of corn maize in southern Styria 
crop April End of May / beginning of June Total N application 
[kg ha/yr] 
 Slurry 
broadcast and 
incorporation 
Mineral 
fertilizer 
Slurry 
band application 
Mineral 
fertilizer 
 
Soils with more than 15 % clay, low leaching risk 
Grain maize 170 kg N   40 kg N 210 
Soils with less than 15 % clay, elevated leaching risk 
Grain maize A 62 kg N  80 kg N  142 
Grain maize B  55 kg 80 kg N  135 
 
Fertilization is regulated by the “Richtlinien zur Sachgerechten Düngung” (Guidelines on good 
fertilization practice in Austria) and by the ÖPUL programme (Austrian Agri-Environmental 
Programme). Both programmes aim at an environmentally friendly fertilizer management. Nitrogen 
emissions to air and water shall be minimised.  
 
Styria carries out experiments on fertilizer strategies that reduce NO3- leaching. Experiments include 
amount of N application, timing of N application and splitting of N application to several doses as 
potential measures to reduce NO3- leaching and increase N use efficiency.  
 
• The Figure “Körnermaisversuch in Wagna 2007 to 2010 gives data on experiments that were 
carried out from 2007 to 2010. Twelve different fertilizing treatments were tested with grain 
maize. The treatments can be seen in table “Versuchsvarianten 2010” and are indicated as 
treatments 0 to L. The treatments differ in the amount of total N fertilization (column “Summe 
N) 
• split between slurry (= “Gülle”) and mineral fertilizer N  
• timing of application (April, May, beginning of June). 
 
It was the aim of the experiments to: 
• fertilize grain maize for and optimum yield and 
• limit NO3- losses and mineral N content of soils. 
 
The bar charts show the grain yield of the different treatments:  
a) in the year 2010 
b) mean grain yield of the years 2007 to 2010. 
 
The line chart shows NO3-N and NH4-N content of the soils up to 90 cm depth of the different 
treatments in the year 2010 in course of the vegetation period.  
 
The following bar chart gives data on medium N removal via grain maize of the different treatments in 
the years 2008 to 2010. The last column gives medium N removal of all treatments.  
 
The results of the treatments may be summarised as follows: 
• When grain maize is fertilized after the regulations of the “Richtlinien zur Sachgerechten 
Düngung” (Guidelines on good fertilization practice in Austria), then yield increases without an 
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increased risk of NO3- losses and the soil mineral N content is below 50 kg ha-1 at the end of 
the vegetation period. This means that N efficiency is increased by following the “Richtlinien 
zur Sachgerechten Düngung” (Guidelines on good fertilization practice in Austria). 
• A prohibition of N fertilization at the time of seeding does neither reduce soil mineral N content 
nor does it reduce the corn yield.  
• An increase of N fertilization to 175 kg N ha-1 does not result in an grain yield increase. 
• Proper timing of slurry and N fertilizer application increases N efficiency as N is supplied when 
the crop have N demand.  
• Limiting the maximum amount of N application reduces N losses and increases N efficiency.  
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In southern Styria – as in the rest of Austria - the main focus lies on the reduction of leaching losses to 
ground water. Other losses such as NH3 and N2O to air are not in the core focus of attention. Nitrogen 
efficiency and making best use of manure N is not a top issue in Austria. The “Richtlinien zur 
Sachgerechten Düngung” (Guidelines on good fertilization practice in Austria) have some, but limited 
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information on N efficiency. They classify soils into low, medium and high N delivery supplementary 
potential. The classification can be done with the help of the electro-ultrafiltration method. The 
“Richtlinien zur Sachgerechten Düngung” also say that N fertilization could be based on the actual 
mineral N content in the soil rather than on default values. However, they are of the opinion that the 
actual mineral N content of the soil is not a very good indicator for N fertilizer requirement as it 
undergoes rapid changes. It is recommended to base N fertilization on default values. 
 
For southern Styria, the Lebensministerium (2006) distinguish between light soil with less than 15% 
clay and more heavy soils with more than 15% clay. On soils with more than 15% clay, the maximum 
N application (manure and mineral N) may be 210 kg N per ha and year. Slurry is broadcast shortly 
before maize seeding. After broadcasting, slurry must be incorporated into the soil. At the end of May 
or beginning of June, mineral N fertilizer is applied at a rate of 40 kg per ha. Measurements on 
experimental farms showed only small leaching losses with this fertilization practice on soils with more 
than 15% clay. On those soils, leaching losses were not reduced when slurry application was divided 
into two applications: one before seeding and one to the growing crop. Leaching losses are the focus 
of research interest in southern Styria. Experiments and fertilizer guidelines concentrate on the 
reduction of leaching losses rather than on the overall improvement of N use efficiency. 
 
On light soils, the risk of leaching losses is elevated. Therefore the maximum N application rate is 
reduced to 175 kg N per ha and year. There are two common fertilizing practices on those soils. N 
may only be applied as slurry. In this case the total application must be divided into two doses. The 
first dose is applied before sowing. Broadcasting technologies are used. Slurry is incorporated after 
spreading. The second dose is applied at the end of May or beginning of June to the growing crop by 
band application. The second option is to apply mineral fertilizer before maize sowing and pig slurry 
with band application to the growing crop.  
 
Conclusions 
• Farmers in southern Styria have clear guidance on how to fertilize grain maize with slurry and 
mineral fertilizer. There is a high awareness of the need to save the environment, especially to 
reduce N leaching to groundwater.  
• Extension services are offered by the Styrian Chamber of Agriculture. Consultants are rather 
active in Styria. Further improvement of fertilizing practices is sought in a multitude of 
experiments in a range of experimental stations.  
• As measures currently concentrate on the reduction of leaching losses, there is still room for 
improvement of overall manure N efficiency through the reduction of N losses to air via NH3 
and/or N2O. 
• Possible improvements could be: 
1. Covering pig slurry stores 
2. Measure slurry N content rather than use default values 
3. Regular measurement of soil N content 
4. Use band spreading not only when there is vegetation cover, but also prior to seeding. Band 
spreading or injection of slurries should be encouraged much more. Continental climates 
usually have warm temperatures during slurry spreading that enhance NH3 losses. The 
topography of southern Styria and the low dry matter pig slurry both would make band 
application or injection of slurry rather easy. The Austrian ÖPUL programme subsidises slurry 
spreading with reduced emission technologies. But still reduced emission spreading 
techniques are not widely used. There is a great potential of improving environmentally 
friendly slurry spreading and thus increasing manure-N efficiency. 
 
The case study illustrates the effectiveness of applications of manure to most soils early in the spring 
to minimise subsequent leaching losses. On lighter soils with a greater leaching risk slurry must be 
divided into two applications. Another lesson from this case study is that while efforts to reduce water 
pollution following manure application can increase manure-N efficiency, it is not enough. Reducing air 
pollution is also needed. Farmers and extension services must be made aware that N efficiency must 
be considered in their fertilizing strategies and that using manure-N efficiently requires more than 
reducing leaching losses.  
 
The overall conclusion of the case study from Styria is that effective measures to reduce NO3- leaching 
in arable rotations, including maize, may increase manure-N efficiency in central Europe. However, 
even when the NO3- leaching risk in minimised there are still uncontrolled losses of N to the 
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atmosphere which reduce the potential with which manure-N may be utilized by crops. In order to 
further improve manure-N efficiency measures to reduce N emissions to air should also be 
considered. 
 
3.3.3.4. Effectively accounting for the longer term effects of solid manure applications to arable 
soils in England (solid manure case) 
In earlier studies the effects of poultry manure applied to potato crops on the grain-N offtake and yield 
of subsequent cereal crops, were reported by Webb et al. (1997b). Poultry manure applied to the 
potato crop increased grain N offtake and yield by up to 52 kg/ha and 2.1 t/ha respectively at one 
medium textured soil but not on one of the two sandy soils. These results suggested that, at the rates 
of fertilizer N then recommended for potatoes, the N requirement of subsequent cereal crops may be 
reduced by between 20 and 40 kg/ha to take account of mineralization of manure-N in the subsequent 
season on retentive soils but not on sandy or shallow soils.  
 
In a further series of studies to measure the N fertilizer requirement of cereals grown on sandy soils 
following cereals, sugarbeet or potatoes (Webb et al., 1997a) apparent N mineralization during the 
cereal growing season was c. 24 kg/ha greater if the preceding potato crop had been given organic 
manures than if the preceding potato crop had only been given mineral N fertilizer. Hence the greater 
N offtake following potatoes (compared with following cereals) was due to mineralization of organic 
manures applied to the potato crop. This effect was greater than had previously been considered. 
Hitherto all labile N at harvest, whether from N fertilizer, crop residues or manure applications, had 
been considered to be leached over the winter following the harvest of the previous crop. 
 
Following the above work a six course rotation (cereal, set-aside, potatoes, two successive cereal 
crops, sugarbeet) was grown on two contrasting sites (loamy sand, Gleadthorpe, Notts and silty clay 
loam, Terrington, Norfolk) (Shepherd and Harrison, 2000). Superimposed on the rotation were four 
manure management systems (using cattle FYM and broiler litter at Gleadthorpe, and pig FYM and 
pig slurry at Terrington), in comparison with a control receiving recommended amounts of inorganic 
fertilizer and no manure. Fertilizer inputs on the manure treatments were reduced to take account of 
manure inputs. Manure management systems varied in the types of manure as well as the timing and 
frequency of applications. Measurements of NO3- loss, soil nutrient status and crop yields and nutrient 
offtakes over seven cropping years have been assimilated. 
 
Measurement of the N content of pig slurry before spreading greatly increased the accuracy of N 
application. The use of standard N figures gave an over application of, on average 40%: basing 
applications on N measurement reduced this to 10%. Nevertheless, standard figures for manure N 
content were, on average, satisfactory for calculating manure application rates to meet target N 
loadings for poultry manure (within 15% of target) and cattle or pig FYM (within 10% of target). Even 
so, measurement of manure heaps prior to spreading generally offered a small advantage. 
  
Pig slurry (a manure with a large potential for NO3- leaching) can successfully be integrated into cereal 
rotations by shifting autumn applications to the spring and top-dressing growing crops with 
commercially available equipment. Broiler litter, another ‘high risk’ manure, was successfully 
integrated into the rotations by top-dressing. However, this was considered more difficult to achieve on 
a commercial scale currently, because of the limited availability of commercial spreaders capable of 
achieving the low application rates and spread pattern required (applications were manual in this 
experiment). In addition top dressing of poultry manure rules out the opportunity to reduce NH3 
emissions by rapid incorporation. 
 
By adopting a strategy of late winter-spring applications and making appropriate fertilizer reductions, 
manure management systems that apply ‘high risk’ manures (pig slurry, poultry manures) to a field 
only every 2-3 years can result in N losses of a similar level to those from fields receiving only 
inorganic fertilizer at recommended levels. For example, at Gleadthorpe, the seven-year average NO3-
N concentrations were as follows: broiler litter, applied three times in seven years 22.8 mg/L, 
inorganically fertilized control 21.3 mg/L. At Terrington (5 applications of FYM/slurry in 7 years), 
average NO3-N concentrations were the same as the control (11.9 and 11.7 mg/L, respectively). This 
is a positive message for farmers and policy makers.   
 
In contrast, annual applications of manure increased NO3- leaching, even when the then current rules 
on application timing and rate were followed. At Gleadthorpe, average concentrations of NO3-N over 7 
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years were 29.6, 32.5 and 21.3 mg/L for annual FYM, annual broiler litter and control, respectively.  It 
is thought that annual FYM, generally considered a ‘low risk’ manure, increased the labile N pool such 
that soil N supply increased. Annual FYM on the heavier soil at Terrington did not increase losses, 
however. Annual pig slurry applications increased average NO3-N concentrations from 11.7 to 17.1 
mg/L. 
 
Thus, having just enough land available for spreading manure from an animal unit is not sufficient. 
Intensive manure use also leads to other potential problems such as soil nutrient build-up. 
 
The results demonstrated that fertilizer N inputs can be reduced significantly after manures with no 
loss of yield (averaged over the rotations, achieved savings of £27-£67 per ha per application). The 
drive to save input costs as fertilizer prices have risen in recent years, may well be a strong driver in 
convincing farmers of this message. 
 
The experiment showed that manure use impacts on other environmental and sustainability issues as 
well as NO3- leaching. The imbalance in NPK between manure inputs and crop removals means that 
regular manure use will elevate P and K levels in the soil.  While there is no environmental disbenefit 
of high soil K levels, excessive P levels are associated with increased risk of P loss to water. A move 
to maximum P loadings, rather than N, would reduce this risk. Given the relatively small P requirement 
by crops, this would increase the land area required for manure application, reinforcing the argument 
for not applying manures every year. Such arguments for integrating manure use across farming 
systems were also advanced by Schröder (2007). 
 
Increases in soil organic matter were measured following manure applications, and are potentially 
good for soil sustainability (and might explain the additional yield effects).  However, there is evidence 
of increased N mineralization from this organic fraction: if not in synchrony with crop uptake, NO3- 
leaching will increase. This highlights the need (a) to better understand N mineralization from soil 
organic matter and (b) the difficulty in achieving several different and, possibly, conflicting 
environmental objectives. 
 
Conclusions and potential application of findings 
• Manure analysis increases accuracy of N application. 
 
• Application of pig slurry and poultry manure to arable crops in spring is an effective means of 
reducing NO3- leaching and increasing manure-N efficiency. Losses of NH3 may be reduced 
by using the trailing hose to top-dress pig slurry to cereals. To reduce NH3 emissions from 
poultry manure application an alternative would be to incorporate the manure before drilling 
spring cereals. 
 
• A strategy of late winter-spring application, with appropriate fertilizer reductions, of ‘high risk’ 
manures (pig slurry, poultry manures) to a field only every 2-3 years can result  in N losses of 
a similar level to those from fields receiving only inorganic fertilizer at recommended levels. In 
contrast, even when the rules on application timing and rate are followed, annual applications 
of manure may lead to NO3- leaching in excess of guidelines.  Due to mineralization in 
subsequent seasons annual applications of FYM, by increasing the labile N pool, may also 
give unacceptable increases in NO3-N concentrations. 
 
• Over a rotation appropriate timing of manure application can limit NO3- leaching to amounts 
comparable to rotations in which only mineral N fertilizer is used. In contrast annual 
applications of pig slurry or poultry manure did increase NO3- leaching. Having just enough 
land available for spreading manure within the limits required by the local CGAP from a 
livestock unit is not sufficient. Intensive manure use also leads to other potential problems 
such as soil nutrient build-up. 
 
• The increase in soil organic matter from manure applications will increase the N pool in soil 
leading to mineral N release in subsequent seasons. This long term release of manure-N 
needs to be fully accounted for when estimating N fertilizer requirement in order to avoid over-
supply of N. 
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Table 25. Overview of findings from UK case study 
On retentive (medium textured) soils the N requirement of subsequent cereal crops may be reduced by 
between 20 and 40 kg/ha to take account of mineralization of manure-N applied to previous crops of potatoes 
Measurement of the N content of pig slurry before spreading greatly increased the accuracy of N application 
from 40 to 10% of target. Standard figures for manure N content were, on average, satisfactory for calculating 
manure application rates to meet target N loadings for poultry manure (within 15% of target) and cattle or pig 
FYM (within 10% of target). 
Pig slurry can successfully be integrated into cereal rotations by shifting autumn applications to the spring and 
top-dressing growing crops. 
Broiler litter may also be integrated into the rotations by top-dressing. However, this was considered more 
difficult to achieve on a commercial scale currently, because of the limited availability of commercial spreaders. 
By adopting a strategy of late winter-spring applications and making appropriate fertilizer reductions, manure 
management systems that apply ‘high risk’ manures (pig slurry, poultry manures) to a field only every 2-3 years 
can result in NO3--N losses of a similar level to those from fields receiving only inorganic fertilizer at 
recommended levels. 
In contrast, annual applications of manure increased NO3- leaching, even when the then current rules on 
application timing and rate were followed. 
Thus, having just enough land available for spreading manure from an animal unit is not sufficient. Intensive 
manure use also leads to other potential problems such as soil nutrient build-up. 
 
3.3.3.5. Assessment of the nitrogen efficiency of Swiss farms based on a representative farm 
management survey 
To estimate the N efficiency of farms detailed information on farm structure and management is 
needed. As such information is rarely available, only a few reports exist of the N efficiency of different 
farms (e.g. Jarvis and Menzi 2005, Jarvis and Aarts 2000, Cuttle 2002). In Switzerland, a stratified 
farm survey was performed in 2002 and 2007 as a basis for the national ammonia emission inventory 
(Reidy et al., 2005, Kupper et al., 2010b). In 2007 the representative survey could evaluate data from 
3212 farms, stratified according to three geographical regions, three altitude classes (valley, hill, 
mountain) and four farm types (arable, specialized dairy, specialized pig/poultry, mixed). The data 
from the 2007 survey have been used to assess the farm gate N efficiency of the participating farms.  
 
Farm management survey 
The random sample consisted of 6565 farms meeting defined minimum size criteria and 48% of the 
questionnaires could be included in the data analysis (Kupper et al., 2010b). The questionnaire on 
livestock and manure management (Reidy et al., 2005) contained questions on livestock and manure 
management and fertilization. The survey data were anonymized and combined with structural data 
such as livestock numbers and crop areas by the Federal Office of Statistics. The data reported by the 
farms were extensively checked for plausibility, using the approach described by Reidy et al. (2005). 
The four main farm types considered in the survey were defined as follows (Meier, 2000): 
• Arable farms: Share of agricultural area with arable crops >70%.  
• Cattle farms: Share of agricultural area with arable crops <25% and share of cattle livestock 
units of total livestock units >75%. 
• Pig and poultry farms: Share of pig and poultry livestock units of total livestock units >25%. 
• Mixed farms: Share of agricultural area with arable crops >40% and share of cattle livestock 
units of total livestock units >75%. 
 
For each of the surveyed farms, a farm gate balance was calculated. The NUE was expressed as the 
ratio between N outputs and N inputs (N outputs in % of N inputs). It was evaluated at two levels:  
1) Farmer’s N balance: N output in crop and livestock products leaving the farm in percent of the 
farmer’s N inputs (concentrate feed, mineral fertilizer). 
2) Full N balance: N output in crop and livestock products leaving the farm in percent of total N 
inputs, including the farmer inputs and N fixation and atmospheric N deposition. Nitrogen 
emissions as NH3, NO3- and products of denitrification were not considered in this “full N 
balance” because they depend on the N surplus of the system and, apart from NH3, are 
difficult to reliably estimate. 
Selection of farms for the NUE assessment  
For the assessment of the NUE, farms meeting the following criteria were excluded because the N 
import to the farm could not be reliably estimated with the available information: 
• Farms with larger herds of fattening cattle (>5 beef fattener, >10 calves, >5 suckling cows). 
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• Farms with major herds of small ruminants (sheep and goats; >15 animals). 
• Farms with more than 5 horses, ponies or mules. 
• Farms with more than 10% of the agricultural area used for orchards, vegetable, vineyards 
etc. 
• All farms of a fifth farm type “other farms”. 
• All farms with no agricultural area. 
Furthermore, farms with no N import as fertilizer were also excluded because 30% of the 
questionnaires provided no information on mineral fertilizer use which indicates that many farms did 
not have this information readily available or hesitated to provide it because it might not be in full 
agreement with their nutrient balance. It is clear that with exclusion criteria organic farms were mostly 
omitted from our study.  
The sample retained for the NUE assessment finally contained 1430 farms. 
 
The N inputs to the farm were estimated as follows: 
• Nitrogen in concentrate feed: for dairy cows based on survey data on average amount per 
cow per day in summer and winter and standard crude protein (CP) content; for pigs based on 
survey data on CP content and standard assumptions on consumption; for all other livestock 
categories based on standard assumptions. For the standard assumptions the same values 
were used as for the calculations of standard excretions in the Swiss Fertilizer Guidelines 
(Agroscope 2009). 
• Nitrogen in mineral fertilizer: based on survey data. 
• Nitrogen in atmospheric deposition: 25, 20 and 15 kg/ha for valley, hill and mountain zone, 
respectively (estimate derived from Rihm and Kunz (2001). 
• Nitrogen fixation of legumes: 4 and 8.75 kg N per ton dry substance yield for natural and 
artificial meadows, respectively (derived from Boller (2003), using standard yields according to 
Swiss Fertilizer Guidelines (Agroscope 2009). 
 
The N outputs leaving the farm were estimated as follows: 
• N in animal products: based on standard assumptions used for the calculation of standard 
excretions in the Swiss Fertilizer Guidelines (Agroscope 2009). 
• N in crop products: based on N uptake of the harvested part of crops according to Agroscope 
(2009); no outputs leaving the farm for forage crops. 
 
The N efficiency was expressed in % N output of N input. At level 1, this farm gate balance N 
efficiency was expressed considering the farmers inputs only (feed, fertilizer). At level 2 atmospheric 
deposition and N fixation were also considered.  
 
Results 
All the input categories decreased from valley, to hill, to mountain zone. This reflects the decreasing 
production intensity with rising altitude that is due to the shorter vegetation period, lower temperatures 
and higher precipitation, less intensive grassland etc. For N inputs in feed the differences between 
farm types is very pronounced. Pig/poultry farms have on average about 800% of the feed N inputs 
per hectare of cattle farms and 2500% as compared with arable farms.  
 
On average over 40% of total N inputs to the farm are atmospheric N inputs, which is considerable. 
For cattle farms with a lot of grassland they account for nearly 60% of all N inputs. Roughly 25% of 
these atmospheric inputs is from leguminous N fixation. Atmospheric inputs can vary considerably 
depending on the type of grassland and the clover content (fixation) and location (deposition). 
Furthermore, they can only be approximated. The fixed value used in our calculations has quite a 
large uncertainty. 
 
N exports in livestock products are slightly higher in the hill zone than in the valley zone. N exports in 
crop products are clearly highest in the valley zone and negligible in the mountain zone, which reflects 
the share of arable land. As could be expected, N export in livestock products is greatest on 
pig/poultry farms. As these farms also have more arable land and therefore more outputs in crop 
products than cattle farms, their total N exports per hectare are the greatest of all farm types. Arable 
farms achieve nearly the same total outputs, but cattle farms less than half as much. 
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Nitrogen use efficiency results 
On average Swiss farms export up to 88% N in products as they import as concentrates and fertilizer 
(level 1 NUE; Table 26). The difference of the level 1 NUE between valley, hill and mountain zone is 
negligible (Table 26). However, clear differences exist between different farm types (Table 26). While 
the median value is around 90% for arable, cattle and mixed farms it is at 57% for pig/poultry farms.  
 
Looking at the full NUE including atmospheric inputs, the median NUE is 39% (outputs in % inputs). 
Contrary to the level 1 NUE there is a gradient between altitude zones with greatest values (42%) in 
the valley zone. Apparently this is not due to shorter vegetation period or harsher climate in higher 
areas, as for cattle farms there is practically no difference in the NUE between zones. It must therefore 
be due mainly to the greater proportion of arable land. The importance of the proportion of arable land 
for NUE is reflected by the results for different farm types. While cattle and pig/poultry farms reach 
about the same level (median 34% and 37%), arable farms achieve 65%. At first sight it is rather 
surprising that pig/poultry farms achieve a slightly higher NUE (level 2) than cattle farms. Again this 
can mainly be explained by their greater share of arable land and the clearly greater outputs in 
livestock and crop products, which is demonstrated by the fact that NUE at level 1 is considerably 
better (median 90%) for cattle than for pig/poultry farms (57%). N fixation and deposition is about the 
same for both farm types. 
 
Table 26. Nitrogen use efficiency in different zones of the farm gate balance at the farmer level (level 
1) with only concentrate and fertilizer inputs considered and at the full balance level (level 2) that also 
considers atmospheric inputs through fixation and deposition N inputs to the farm in form of feed 
(concentrate), fertilizer and atmosphere (fixation, deposition) 
Zone 
  
NUE: N export in % of N 
input 
Farm Type  NUE: N export in % of N 
input 
    level 1 level 2  
All zones Average 88 41 Arable Average 114 69
  Median 78 39  Median 92 65
Valley Average 90 44 Cattle Average 99 34
  Median 79 42  Median 90 34
Hill Average 84 38 Pork/poultry Average 56 37
  Median 76 37  Median 57 37
Mountain Average 88 33 Mixed Average 102 46
  Median 74 34  Median 91 46
 
The results for the cattle farms (median NUE 34%) correspond well with the average of 33% for Swiss 
dairy farms previously reported by Jarvis and Menzi (2005) and the 27 – 35% by Aarts et al. (2000) for 
the De Marke dairy farming system in the Netherlands. They are clearly greater than all the scenarios 
shown by Cuttle (2002) for six SW England dairy farms (current 16%, improved scenarios 18% to 
29%). 
 
Factors influencing the NUE 
The level of NUE is the result of a very complex system. An interpretation of the influencing factors is 
therefore only possible to a very limited degree. Looking at the dependency and correlation between 
the NUE (level 2) and the following variables might be a first step: 
• Farm size 
• Livestock density and importance of manure (expressed in kg N/ha in livestock excretion) 
• Proportion of agricultural area with arable crops 
• NH3 emissions (kg N/ha) 
Farm size has practically no influence on NUE. Over all farms R2 is at 0.010 and in the hill zone at 
0.001. In the valley zone R2 is at 0.044 with a positive regression coefficient. This is probably because 
large farms tend to have a somewhat greater share of arable land. 
There is a clear dependency between the proportion of agricultural land with arable crops and NUE 
(R2 0.401). This is not surprising, as it is known that the efficiency of crop systems is better than that of 
livestock systems where crops that are fed to livestock have to be produced first, which results in a 
relatively low NUE. This is also the explanation of the better NUE of arable farms.  
The dependency between livestock density, expressed as kg/ha N in livestock excretion and NUE 
(level 2, with atmospheric inputs) is not very clear (R2 0.667), although it appears that farms with >300 
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kg N/ha in livestock excretion would not achieve an NUE (level 2) above 60%. Under practical 
conditions such farms would have to export part of their manure to other farms too meet the nutrient 
balance restrictions. Interestingly, the correlation is much more pronounced if we only look at cattle 
farms (R2 0.267). While the regression coefficient over all farms is negative, it is clearly positive for the 
cattle farms. This is probably due to the fact that looking at all farms more livestock means less arable 
crops, while for cattle farms, although the arable area is generally low, mountain farms have a lower 
livestock density than valley and hill farms and no arable crops. 
 
Looking at all farms, although the R2 is only 0.061 there was a negative regression coefficient between 
NUE and NH3 emissions. In principle this is logical, as fewer emissions mean more TAN reaching the 
crop. That the correlation is not more pronounced could be explained with the influence of housing, 
and manure storage and spreading systems etc. However, if only cattle farms are considered, the 
correlation is positive with an R2 of 0.181. This could have the following reasons: 1) emissions are 
positively correlated with livestock density (in our calculation livestock N excretion; R2=0.759), 2) 
emissions are positively correlated with milk yield per hectare (R2=0.452), 3) a greater proportion of 
arable land leads to lower livestock density, reduced emissions per hectare and a better NUE (see 
discussion above), 4) farms with loose housing system on average have higher emissions but also an 
approximately 500 kg greater milk yield. 
 
Conclusions 
General 
The range of values for NUE is very large. This indicates that NUE is part of a very complex system 
with a wide range of influencing factors and interactions. This makes it difficult to make a clear 
interpretation of the NUE and to judge what is good or bad or how much NUE could be improved. On 
the other hand it also means that there certainly is a potential for improvement by those farms with 
small to medium NUE. 
Nitrogen use efficiency can be considered at the level of total N inputs (influencing fixation and 
deposition) or the level of farmer inputs only. The total N input is more relevant for the environment but 
more uncertain because it is difficult to reliably estimate N in fixation and deposition. The farmers' 
input level has the advantage that it is more directly understandable to the farmer. 
There appears to be a negative regression coefficient between N efficiency and NH3 emissions. In 
principle this is logical, as fewer emissions mean more soluble N reaching the crop. However, a more 
detailed analysis with data for crop yields also would be necessary to make a reliable assessment of 
the relation between N emissions and NUE. 
Relating to farm type 
Apparently the most important farm structural factor influencing NUE is the proportion of agricultural 
land that is used for arable crops. Nitrogen use efficiency increases with the proportion of agricultural 
land in arable crops. This is to be expected as the efficiency of crop systems is better than that of 
livestock systems. 
While the relationship between livestock density and NUE is not very clear, it appears that farms with 
>300 kg N/ha in livestock excretion would not achieve an NUE above 60%. 
Relating to farm location 
Looking at all farms in the survey NUE decreased with altitude (valley, hill, mountain zone) but did not 
differ between the geographical regions. The difference between the altitude zones could be explained 
with decreasing share of arable crops. However the poor relationship with geographical region 
indicates that other factors than the share of arable crops also have an important influence because 
the share of arable crops did differ considerably between the regions.  
Relating to transferability 
It would be interesting to compare the Swiss data with surveys for other countries. As such studies are 
not available at present, we can only reflect how far the Swiss experience could be transferred to other 
countries. This is probably possible only to a very limited degree because of the strong nutrient 
balance legislation, the complexity of the system influencing NUE and the rather special situation 
regarding farms structure in Switzerland with few highly specialized farms, a relatively high livestock 
density and small average farm size. The most direct transferability could be expected for countries 
that also have a mix of valley, hill and upland farms, like Western Austria and Slovenia. 
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4 OVERALL CONCLUSIONS OF MEANS TO INCREASE 
MANURE-N EFFICIENCY  
4.1. CONCLUSIONS FROM ANNEXES 1 AND 2 
Annex 1 provides a summary of:  
• How each MS takes account of manure-N efficiency in the AP.  
• Regional differences in manure-N efficiency rates at MS and regional level.  
 
There is no clear definition of manure-N efficiency in any AP or CGAP of the MS. The most commonly 
used term is 'available N'. The % available N may be considered equivalent to the % manure-N 
efficiency in the season following application. 
 
Annex 2 provides: 
 
• An overview of the calculation method and underpinning information for established manure-N 
efficiency rates.  
• Comparison of the methods employed to estimate manure-N efficiency and suggestions for 
'best practice' to be used in the estimation of manure-N efficiency. 
 
In Annex 2 there is an assessment of the extent to which differences in the following factors lead to 
significant differences in the availability of manure-N for both crop uptake and NO3- leaching among 
the MS and regions of the EU, together with an explanation of the reasons behind any differences 
reported.  
 
• Soil type 
• Crop/rotation type 
• Time of manure application 
• Climate 
• Manure application method 
• Manure type 
• Manure N concentration 
• Proportion of organic/ min N in manure 
• Manure P concentration 
• The adoption of reduced-NH3 manure application techniques 
• The adoption of manure application/incorporation techniques to reduce run-off 
• The time lag in manure availability 
• Manure management / treatment 
 
Estimates of manure-N efficiency have been based on field measurements either supplemented by 
literature review or developed by modelling. 
 
Insofar as soil type was reported to be taken into account it was in relation to the impact of soil type on 
NO3- leaching, and hence the proportion of available-N remaining for crop uptake in spring, rather than 
on manure-N efficiency per se. Only two countries report a direct effect of soil type on crop uptake of 
manure-N. A greater recognition of the differences among soils in crop recovery of N could be used to 
increase manure-N efficiency by enabling a more accurate assessment of crop uptake and any 
subsequent N fertilizer requirement. 
 
In general the only allowance for climate is with respect to the impact of winter rainfall on NO3- 
leaching and in run-off leading to closed periods of manure application in an attempt to preclude N 
losses. 
 
Although many MS require manures to be applied by methods which reduce emissions few actually 
report greater manure-N efficiency from incorporated than from broadcast manure (Italy, Netherlands, 
UK). An explicit requirement to take allowance of the N conserved by these measures would increase 
manure-N efficiency. 
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There is a large variation in manure-N efficiency coefficients for the same manure type between MS. 
Most countries consider only the availability in the first year. 
 
Very few countries report regional differences within MS although some countries use modelling 
systems which take account of regional and local factors. 
 
There does not appear to be any systematic variation across the EU that can be related to climate. It 
is not obvious that standard default national estimates of crop available N differ consistently between 
the cooler northern MS and the warmer Mediterranean MS or between the wetter maritime MS and 
those MS with a continental climate. 
 
To accurately assess the total plant availability of manure nutrients, it is necessary to account for the 
nutrients remaining in soil from previous manure applications. This may be done by direct estimates of 
longer-term availability or through soil sampling to 90 cm of fields to which livestock manures have 
been applied over many years for analysis of mineralizable N. 
 
 
4.2. CONCLUSIONS FROM LITERATURE REVIEW 
4.2.1. Reduced ammonia emission techniques 
Slurry injection significantly increases apparent N recovery by crops by up to c. 15% compared with 
surface application with greater effects for cattle than for pig slurry. In the season following application 
NFRV of manure-available N can be increased to over 100% as a result of injection. Total N uptake by 
barley has been reported to be as great from cattle slurry applied by simulated injection as from a 
similar amount of NH4+-N applied as fertilizer.  
 
Following application of cattle slurry N to grassland apparent N recovery by crops did not differ 
between manure application by trailing shoe and fertilizer N at any of the application rates, timings, or 
seasons (at similar mineral N application rates). Over the entire study, the trailing shoe resulted in 3 to 
8% less apparent N recovery by crops than did fertilizer, whereas splash plate-applied slurry had 18 to 
22% less apparent N recovery by crops than fertilizer.  
 
4.2.2. Anaerobic digestion 
After anaerobic digestion treatment of livestock manure the proportion of available N is increased and 
the concentration of decomposable carbon is decreased, potentially increasing plant availability while 
residual N affects are decreased as less organic N is left in soil. Anaerobic digestion also increases 
manure pH and decreases the dry matter concentrations both having opposing effects on potential 
NH3 loss. Thus, the effects of anaerobic digestion on NH3 loss and crop N availability depends on the 
specific application conditions. The decomposition of manure carbon during digestion may reduce soil 
N immobilization, thereby increasing plant N uptake. 
 
4.2.3. Slurry separation 
When the manure fractions are applied to the same crop as the unseparated slurry the overall 
utilization of N may be unaffected by slurry separation However, N use efficiency can be improved 
after separation by using the liquid as a top dressing to a winter crop and using the solid residue on 
other areas where it can be incorporated in spring. Separation has been shown to increase N uptake 
due to a reduction of N immobilization. It is important that N losses from the solid fraction are restricted 
by proper management to maintain a high overall N utilization after separation. 
 
4.2.4. Composting 
The most appropriate use of composted manures is in systems that operate under organic farming 
principles: i.e. aim at a coverage of the soil by crops during the whole year. Composted manure will 
not serve as an optimum fertilizer in conventional cropping systems with some period of bare soil 
during the year. In colder regions when the rate of mineralization over winter is negligible, application 
of composted manure to such conventional cropping systems might be an option provided it is 
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incorporated to minimize the risk of runoff. The application and use of compost including its 
advantages and disadvantages must be seen in the frame of whole production systems. 
 
4.2.5. Slurry acidification 
Acidified pig slurry may contain from 15 to 25% more available N than untreated slurry after storage, 
the increase being greater for uncovered storage. Acidification has been shown to increase NFRV by 
about 25% for surface-banded slurry. Due to the large costs acidification is mainly of use in areas with 
severe restrictions on NH3 emission from livestock. 
 
4.2.6. Timing of manure application  
Manure-N applied in diminishing amounts over the growing season may optimise manure-N efficiency 
since manure-N applied early in the year, e.g. to grassland for first cut, is used more efficiently than 
manure-N applied for later cuts. In order to maximise apparent N recovery by crops there could be 
advantage in preferentially applying livestock manures to crops whose active growing period coincides 
best with the time of active mineralization of manure-N, e.g. maize, potatoes and sugarbeet. However, 
rates of N application will need to be carefully matched with crop N requirement as large leaching 
losses are observed after maize cropping in some MS. 
 
4.2.7. Interaction between manure-N efficiency and soil type 
This review indicates that there is a greater plant uptake of N after simulated injection than after 
incorporation of cattle slurry into soil, and a strong interaction with soil type. Mixing manure with soil 
immobilizes crop available N, to a much greater extent than when manure is introduced to the soil in 
discrete bands. This effect is greatest in clay and silt soils. Hence, although incorporation, if carried 
out quickly enough after manure application, has greater potential to reduce NH3 emissions than 
injection, any additional conservation of NH3-N may not lead to additional crop N uptake. In order 
therefore to increase manure-N efficiency it may be advisable to promote the use of slurry injection on 
arable soils in preference to rapid incorporation. 
 
Studies of fertilizer-N uptake by crops have indicated greater recovery of N on sandy than on heavier 
soils. Such differences have also been reported for crop recovery of manure-N. On the other hand, 
there can be higher long-term residual effects on heavier soils. These differences among soils should 
be included in guidance for manure-N utilization.  
 
4.2.8. Cropping system 
The results of studies reporting the NFRV of livestock manures obtained using crops with a long 
growing season need to be interpreted with caution as the use of their results on crops with a short 
growing season may overestimate the capacity of the crop to recover manure-N and lead to an 
increased risk of NO3- leaching after harvest. An alternative is to sow catch crops after the harvest of 
spring sown crops to which livestock manures have been applied. The impacts of manure application 
on the second crop grown after manure application also needs to be taken into account. 
 
4.2.9. The impacts of livestock diets 
The utilization of N in pig and poultry diets has improved during recent years, due to the more efficient 
use of protein by the incorporation of synthetic amino acids in the diets. It has been discussed whether 
this would result in reduced utilization of manure N, as a smaller proportion of N is excreted in urine 
and more in faeces. The results have shown that for diets with a large proportion of highly fermentable 
fibre, the protein content and proportion of urine N has a negligible influence on the potential utilization 
of slurry N, whereas for diets with a high proportion of straw (less fermentable fibre), the utilization of 
slurry N is less. So, for pigs at least reduced N diet would not automatically reduce the proportion of 
manure-N available to crops. 
 
The availability of cattle slurry N is related to the dietary protein and fibre concentration, and the 
availability of N is reduced by reduced protein concentrations. 
 
 
 103 
 
4.2.10. Long term N uptake 
It is difficult to measure residual N effects of livestock manure, since these effects are often relatively 
small and often overshadowed by normal variability in field experiments. Nevertheless, these results 
indicate continued uptake of manure-N in the seasons following manure application. This uptake 
needs to be accounted for when assessing manure-N efficiency and determining fertilizer N 
requirements of crops in rotations to which livestock manures are applied. For example Petersen and 
Sørensen (2008) estimated residual effects equivalent to 2-8% of total manure N in the year after 
application and 6-24% after 10 years (Table 15). 
 
4.2.11. Experience from case studies 
The experience of the case studies confirms findings based on the literature. 
 
• Application of slurry by reduced-NH3 emission techniques increases NFRV (DK). 
• Appropriate timing of manures in spring will enhance crop N uptake and minimise the risk of 
NO3- leaching (AT). 
• The combination of manure separation with injection improves injection effectiveness and 
composting the solids that will be available later in the year illustrates how slurry separation 
may be most effectively adopted (ES). 
• The findings of the UK work indicate that the integration of manure applications across a 
whole rotation is a more effective means of reducing NO3- leaching than considering only the 
crop to which the manure is applied even when the current rules on application timing and rate 
were followed. 
• The case studies from AT and ES make it clear that manure-N efficiency cannot be optimized 
by focussing attention on reducing emissions of only one form of N pollution. Measures to 
reduce N emissions also need to be appropriate for the cropping system on the farm. 
• The AT case study, in which the focus has been on reducing N leaching, indicates that further 
improvements need to be made by reducing gaseous emissions following application to land. 
• In the ES case study although slurry is injected into soil the time of application is determined 
by the need to empty the slurry store. Applications are not made at times that might reduced 
NO3- leaching or maximise crop uptake. This study illustrates the need to consider N utilization 
efficiency across the farm and the need for farms to have adequate storage volumes to hold 
slurry so that it can be applied at times that will maximise crop uptake of the available N. 
• The case study from CH found that N use efficiency at the farm level decreased from valley, to 
hill, to mountain farms, increasing with increasing proportion of arable land. This illustrates 
how manure-N efficiency can be greater in areas of mixed farming. 
 
 
4.3. OVERALL CONCLUSIONS  
• The key option is to improve N efficiency by tightening the N cycle. If N efficiency is only 
improved in one stage of the manure management cycle, N may leak at another stage and 
overall N emissions will not decrease. Management options which decrease the amount of 
external N inputs will decrease N emissions. 
 
• Matching of the N input in the diet to the animal’s requirements is a very promising option to 
reduce N excretion and consequently N losses. While N inputs to the diets of pigs and poultry 
in particular have been reduced in recent years there is still scope for reductions in many MS 
and for other classes of livestock. 
 
• Since the losses of manure-N as ammonia (NH3) take place before crops are able to take up 
manure-N it would appear the most effective means of increasing manure-N efficiency will be 
by means of reducing NH3 emissions. Uptake of N from the available N fraction of slurry can 
be as effective as from fertilizer-N when the slurry is applied by injection machinery in spring. 
 
• Manures are best applied in spring before the period of crop nutrient uptake to enable the 
greatest potential recovery of manure-N. Rather than attempting to supply all of the crop N 
requirement as manure integrating manure application with application of fertilizer N gives the 
best overall efficiency of N use. 
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• In order to fully utilize the fertilizer value of manure-N there is a need to account for uptake 
over more than one year. This was the conclusion and recommendation of several workers. 
 
• Manures with the smallest proportions of available-N in the season after manure application 
(e.g. FYM) tend to be those that release the largest amounts of N in subsequent seasons. The 
residual N effect can be satisfactorily predicted with a simple N model by adopting an annual 
relative decomposition rate of the organic N in the manure. Multi annual effects should be 
considered in the AP. However, this is not yet considered in the majority of MS. 
 
• For crops with a long growing season, a greater availability of manure N is expected. The 
extra NFRV for crops with a long growing season may be equivalent to 2-5% of the total 
manure N applied, depending on the proportion of organic N in the manure under North 
European conditions. In order to maximise manure-N recovery there could be advantage in 
preferentially applying livestock manures to crops whose active growing period coincides best 
with the time of active mineralization of manure-N, e.g. maize, potatoes and sugarbeet. 
However, rates of N application will need to be carefully matched with crop N requirement as 
large leaching losses are observed after maize cropping in some MS. 
 
• Reducing slurry dry matter and carbon content at an early stage of manure management 
enables greater uptake of manure-N and more consistent conservation of mineral-N from 
reduced NH3 emission spreading techniques. However, this needs to be reconciled with the 
need to avoid large increases in the volumes of slurry to be applied. Anaerobic digestion 
reduces manure carbon and dry matter content by about 50% without increasing slurry 
volume. Also, by digestion some part of the organic N can be mineralized, and thereby there is 
an increase of crop available N in the slurry in the year after application. 
 
Strategic considerations 
• Ensure full allowance is made for the long-term release of manure-N: at present the majority 
of MS only consider availability in the first year. Current estimates of crop available N tend to 
underestimate the N release of manure-N, in particular that of FYM, over the course of a 
rotation. This would require taking account of the efficiency with which manure-N is used over 
a rotation rather than just the NFRV in the season following manure application when 
assessing the role of manures in an overall N fertilization regime. As the mineralization of N in 
soil takes place through most of the year the residual effect is greatest in crops with a long 
growing season. 
 
• There is evidence that the efficiency with which manure-N is recovered varies according to soil 
type. Few MS take explicit account of the influence of soil type but to do so would improve the 
accuracy with which NFRV could be estimated. The effects of soil texture may be offset when 
manure is placed rather than mixed in soil. 
 
• Climate is usually taken into account only with respect to the beginning and end of closed 
periods of manure application in an attempt to preclude N losses. No account appears to be 
taken by any MS of differences in climate during the growing season which might affect crop 
growth and the uptake of manure-N by crops. 
 
• When slurry is applied to grass at intervals throughout the growing season later cuts do not 
use N as efficiently as the first cut due to less crop growth and N uptake and perhaps more 
NH3 volatilization under warmer conditions and greater denitrification in autumn compared 
with spring or because of immobilization associated with root death. The results indicate that 
better utilization can be achieved by applying manure-N in diminishing amounts over the 
growing season. The most efficient use of manure-N appears to be obtained when a rates of 
manure (up to 120 kg/ha N) are applied early in the growing season and the remaining crop N 
requirement is met using fertilizer N.   
 
o With the adoption of closed periods for manure application to comply with the Nitrates 
Directive it might be concluded that there is little room for further improvements in 
manure-N efficiency by the introduction of further restrictions on the timing of manure 
applications. Such a conclusion assumes that the closed period corresponds correctly 
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with the climatic conditions. It is recognised that the NFRV of manures with a large 
proportion of crop-available N is generally maximized by postponement of applications 
until spring, which is in line with the closed periods established to prevent NO3- 
leaching. However, in several MS NO3- leaching could be further reduced by avoiding 
application of FYM in autumn before sowing winter cereals. Some MS already prohibit 
the application of all manures (including FYM) during the autumn and winter months. 
 
 
Recommendations 
• An explicit requirement to take allowance of the N conserved by reduced NH3 emission 
application techniques would increase manure-N efficiency.  
 
• Reduced NH3 application techniques which add slurry or manure in bands, without thorough 
mixing with soil, as well injection, appear more effective at increasing manure-N efficiency 
than application methods that mix manure with soil.  
 
• Anaerobic digestion of slurry may also both increase manure-N availability in the season 
following application and reduce the potential for immobilization of manure-N in soil.  
However, the potential for NH3 emissions may be increased when spreading digested slurry compared 
with non-digested slurry. Hence, it is advisable to apply digestate by reduced NH3 application 
techniques. 
 
• A greater recognition of the differences among soils in crop recovery of N could enable a more 
accurate assessment of crop uptake and any subsequent N fertilizer requirement. 
 
• In order to fully utilize the fertilizer value of manure-N there is a need to account for uptake 
over more than one year.  
In the short term (2-5 years after manure application) this may be by using explicit modelled estimates 
of the mineralization of organic forms of manure-N. In the longer term this may be by soil sampling to 
90 cm to estimate mineral-N or mineralizable N in soil or by using reference values. The fertilizer N 
shall be consequently reduced to take into account long-term application of manures. This is 
particularly important for manures such as FYM which although providing less crop available N in the 
season after application have been shown to release more crop available N in subsequent years. 
 
• Our overall conclusion is that there is no simple technique or approach that will lead to 
increased manure-N efficiency.  
• While reduced NH3-application techniques, especially injection and trailing shoe, can increase 
NFRV a carefully integrated strategy is needed which takes account of differences in apparent 
N recovery among crops and according to the timing of manure application. If applications are 
made late in the growing season, e.g. to third or fourth cuts of silage grass, or to crops with a 
short growing season, such as spring-sown cereals, the crops may not recover all of the 
additional N conserved leading to greater residues of mineral N in the autumn which may be 
lost by leaching.  
• To minimise the overall impact of N use in agriculture requires the maximum usage of 
manure-N in order to reduce the need for fertilizer N and to reduce the emissions arising from 
both its manufacture and application.  
• Several studies have shown that, at the farm scale applying manures at moderate rates, and 
applying N fertilizer at times of the year when apparent N recovery of manure may be limited, 
may give a greater NFRV than concentrating purely on means to conserve manure-N. Such a 
strategy will differ from region to region within the EU and also within farming systems. In 
many parts of the EU livestock farming is already so concentrated that the amounts of N 
applied as manure may be at the limits of application required to comply with the Nitrates 
Directive. Nevertheless in regions and localities where mixed farming still exists, either in the 
form of farms which raise both crops and livestock or where livestock and other farms are 
intermingled, further specialization of farms or localities in livestock production may counter 
initiatives to increase manure-N efficiency at the EU level. 
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